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The  U.  S.  Coast  Guard  is  a  military  service  with  a  hierarchical 
organization.  CG  manpower  planning  requires  a  forecast  of  the  number  of 
accessions  needed  as  well  as  the  resulting  force  structure  for  each  month 
of  the  upcoming  year.  In  this  thesis.  we  present  a  modified  Markov 
transition  model  that  integrates  the  pertinent  personnel  flows  to 
forecast  the  monthly  accessions  and  force  structure  for  the  enlisted  CG. 
Personnel  flows  are  estimated  using  standard  statistical  techniques  such 
as  linear  regression  analysis  and  point  estimation.  An  algorithm  is 
presented  to  solve  for  end  of  month  stocks  while  meeting  a  man  year 
consumption  constraint — Full  Time  Equivalent  (FTE)  when  attrition  rates 
and  the  beginning  and  end  of  year  stocks  are  given.  Finally,  the 
pertinent  personnel  flow  estimates,  the  FTE  algorithm  and  the  modified 
Markov  model  are  integrated  into  a  comprehensive  Military  Employment 
Capability  Plan  which  is  programmed  on  a  micro-computer  spreadsheet. 
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I.  I NTRQDUCT I DN 


The  Coast  Guard  (CG)  is  a  military  service  with  a  clearly 
defined  hierarchical  organization.  It  is  important  to  the 
service  and  the  taxpayer  to  maintain  an  adequate  force 
structure  efficiently  and  economically.  An  important  element 
in  manpower  planning  is  to  forecast  the  number  of  accessions 
needed  each  year  to  replace  attritions  and  to  meet  changes  in 
total  force  sice.  Aaa i t i ona 1 1 y  ,  budgetary  planning  requires 
force  structure  orojections  to  anticipate  payroll  costs. 
Appr o x i ma te 1 y  fifty  percent  of  the  Coast  Guard’s  annual 
budget  is  related  to  payroll  costs  which  are  highly 
correlated  to  the  number  of  people  at  each  grade  level. 

A  variety  of  internal  and  external  factors  impact  on 
attempts  to  forecast  future  accessions  and  force  structure. 
Previous  recruit  projections  had  the  benefit  of  a  relatively 
large  pool  of  eligible  entry  level  personnel  and  a  stable 
force  size.  This  allowed  the  Coast  Guard  to  maintain  high 
standards  in  recruit  quality  and  waiting  lists  of  enlistees 
above  the  monthly  recruit  quotas.  A  national  shrinkage  of 
eiigiole  entry  level  personnel  described  by  Fernandez 
[Ref.  11)  stable  economic  conditions  and  anticipated  changes 
in  the  force  size  require  relatively  accurate  forecasts  of 
accession  needs  which  reflect  the  impact  of  the  most 
significant  internal  and  external  factors. 


The  Enlisted  Programs  Branch  of  the  Office  of  Personnel, 
U.  S.  Coast  Guard  is  responsible  for  projecting  the  Coast 
Guard’s  enlisted  accession  needs  and  the  enlisted  force 
structure  for  each  month  of  the  upcoming  fiscal  year. 

A.  OBJECTIVES 

The  objective  of  this  study  is  to  formulate  a 
mathematical  model  which  projects  the  enlisted  accession 
needs  and  enlisted  force  structure  on  a  monthly  basis  for  the 
next  fiscal  year.  The  model  should  also  be  able  to  take 
current  data  during  a  fiscal  year  and  adjust  the  projections 
for  the  remainder  of  the  fiscal  year.  We  will  implement  the 
model  in  a  commercial  spreadsheet  environment  compatible  with 
the  background  of  the  intended  CG  users.  We  anticipate  this 
will  also  provide  maximum  flexibility  to  explore  the  effect 
of  a  number  of  variations  in  external  conditions  and  internal 
policies  impacting  the  forecasts. 

B .  BACKGROUND 

The  Coast  Guard  operates  under  the  Department  of 
Transportation.  The  enlisted  force  structure  is  hierarchical 
with  paygrades  E-l  to  E-9,  lowest  to  hignest  r escec t i ve 1 y . 
(There  is  a  paygrade  E-10  which  has  a  size  of  one  and  will  be 
ignored  in  this  study.)  Each  paygrade  is  further  broken  down 
into  appr o x i ma t e 1 y  25  sub-specialties  (ratings). 

Promotions  occur  on  the  first  of  the  month  only.  The  CG 
conducts  semi-annual  testing  of  personnel  to  rank  order 


:ement  to  paygrades  E-5  to  E-9. 
driven.  Promotion  to  paygrades 
|ua 1 i f i ca t i o n  for  advancement, 
urs  upon  completion  of  recruit 
mined  by  the  difference  between 
ized  structure  as  promulgated 
?ar  by  the  Chief  of  Staff’s 
ere  is  a  statutory  upper  limit 
jo  percent  of  the  total  enlisted 
I*  the  niiiDDer  of  personnel 
‘fined  as  having  passed  the 
,ygrades  E-5  through  E-9  exceeds 
■ing  the  period?  those  personnel 
ompete  for  promotion  during  the 
i.  Normally?  once  an  enlisted 
its  for  promotion?  he  remains 
■finitely  <i.e.  there  is  not  a 
personnel  like  there  is  for 

ally  occur  in  all  paygrades. 
?red  as  E-is.  Prior  service 

reenlisting  more  than  24  hours 
previous  contract  are  entered 
depending  on  previous  service 
le  service  (needs  of  the  service 
Selective  Reenlistment  Program). 


Additional  accessions  in  all  paygrades  occur  when  reservists 
are  entered  into  extended  active  duty. 


Attritions  occur  in  six  general  categories: 

1  .  Ret i remen  t  s 

Retirements  normally  on  the  first  of  the  month. 

2 .  Non-Reenl istments 

A  CG  member  may  not  chose  or  may  net  be  eligible  to 
reenlist  or  extend  his/her  contract  at  expiration. 

3 .  Admjnistratl  /g 

A  member  may  be  oiscnarged  prior  to  the  expiration  of 
his  enlistment  for  the  "convenience  of  the 

government " . 

A .  Death 


5.  Reservists  on  extended  'active  dut' 


Reservists  may  be  released  back  to  inactive  reserve 


status . 


Officer  Proqr ams 


An  enlisted  member  may  be  selected  for  an  officer 
program  <  Warrant  Officer,  the  Academy,  or  Officer 
Candidate  School). 


The  Enlisted  Programs  branen  currently  uses  a  model 
called  the  Military  Employment  Capability  Plan  ( MECP )  to 
project  accession  needs  and  force  structure.  A  replacement 
for  this  model  is  desired  that  will  integrate  pertinent 
external  influences  and  accurately  reflect  the  effect  of 
internal  policy  changes  such  as  a  changed  promotion  policy. 


The  MECP  model  and  its  output  is  used  by  a  variety  of  people 


with  a  wide  range  of  mathematical  sophistication  .  It  is 
essential  for  the  model  to  remain  uncomp  1 i c ated  , 
comprehensible  and  easily  maintainable. 

C.  MODEL  FORMULATION  APPROACH 

The  model  irooosea  in  this  study  is  a  modified  Markov 
transition  model  that  makes  use  of  historical  internal  CG 
personnel  data  and  historical  external  data  (various  economic 
indicators)  .  "he  Markov  model  is  constrained  by  internally 
and  externally  (statutory)  imposed  policies.  It  is 
predictive  in  nature.  The  model  will  forecast  future 
strengths  across  paygrades  for  the  coming  months  of  the 
year  . 


Our  model  and  solution  will  be  developed  as  follows: 

1.  In  Chapter  II  we  examine  the  data  available  to  seek 

obvious  i nter re  1  at i onsh i ps ,  trends  or  data  anomalies. 

2.  In  Chapter  III,  we  develop  an  appropriate  predictive 
model  for  the  personnel  transition  rates  and 
attr i t ions . 

3.  In  Chapter  IV,  we  formulate  and  solve  an  algorithm  for 
the  manyear  consumption  constraint  (Full  Time 
Equ  i  va  1  en  t  .■  . 

L .  In  Chapter  V.  we  implement  an  appropriate  Markov 

Transition  model. 

5.  In  Chapter  VI,  we  summarize  the  operational  limitations 
of  the  model  and  discuss  applications  of  the  model  in 
response  to  a  number  of  hypothetical  conditions. 

6.  In  Chapter  VII,  we  validate  the  model  and  summarize  the 
results  . 


DATA  ANALYSIS 


I  I  . 

The  data  used  in  this  thesis  can  be  divided  into  two 
general  categories —  internal  CG  personnel  data  ob  t a i ned  from 
various  databases  ana  reports  and  external  economic  :a ca 
collected  from  readiiv  availaole  publications  . 

A.  ENDOGENOUS  DATA  COLLECTION 

"Test  o f  the  data  obtained  from  the  C3  personnel  system 
came  either  directly  or  indirectly  from  the  Personnel 
Management  Information  System  (PMIS)  maintained  on  the  DOT 
Amdahl  computer  located  at  the  DOT  building  in  Washington, 
DC.  PMIS  is  the  master  database  of  CG  personnel  data  and  is 
the  basis  of  all  pay,  time  in  service,  and  all  other 
personnel  calculations  for  the  CG .  Queries  of  the  database 
were  conducted  with  two  commercial  software  packages — 5AS 
and  FOCUS.  Data  also  came  from  other  databases  or  files 
which  are  kept  by  individual  CG  offices.  Three  problems 
arose  in  the  collection  of  this  data.  First,  obvious  errors 
in  data  entry  were  observed,  as  there  appears  to  be  limited 
data  entry  validation  within  the  PMIS  data  base.  Second, 
historic  PMIS  data  is  essentially  purged  at  the  end  of  a 
fiscal  year  of  all  data  not  related  to  current  personnel. 
This  means  that  raw  historic  data  is  destroyed  for  personnel 
who  have  left  the  service  during  the  preceding  fiscal  year. 


Data  is  also  lost 


for  some  of  the  transactions  related  to 


current  personnel.  Complete  historic  data  for  preceding 
fiscal  years  is  either  lost  or  only  available  in  the  formats 
and  categorical  breakdown  of  standard  printed  reports  issued 
by  the  system  and  kept  on  record  in  various  33  offices.  Some 
information  regarding  separations  .attritions  . s  downloaded 
to  magnetic  tape  for  future  reference.  Thirdly,  wren  other 
data  sources  are  used,  it  appears  mat  the  effective  dates  of 
certain  personnel  actions  ! separa: ions,  o r omo t i o ns , etc )  may 

important  tc  cons.cer  wren  cross  /siidatirg  data  cetweer 
sources  or  when  trying  to  derive  missing  data  based  pn  the 
conservation  of  flow  principle  [Ref.  2  :  pp  .  4-63: 

Stock.  (t  +  l)  =  Stock. (t)  +  access i ons  .( t )  + 

11  i 

promotions  ,  ,(t)  -  attritions  .(t)  -  promotions  ,  (t) 
i-l,i  l  i,i+l 

i=  paygrade  1,2,. ..,9  C2.13 

These  problems  limited  the  collection  of  a  complete  set  of 
usable  data  to  four  fiscal  years  '  1°82  -  1<5861.  we  also 
collected  data  for  the  first  eight  months  of  RV87  to  use  in 
model  validation. 

L  a  s  1 1  / ,  the  data  we  collected  was  mrtner  categorized  :v 
soeciaitv  irating'1  .  ke  decided  ear  1/  ;n  the  analysis  to 
combine  these  categories  into  a  simple  total  for  each 
paygrade  because  the  output  required  from  this  analysis  is 
not  to  be  categorized  by  rating.  An  initial  look  at  the  data 
also  indicated  that  further  categorization  into  ratings  would 
reduce  the  data  collected  in  each  cell  to  such  a  small  size 


as  to  introduce  significant  difficulties  in  conducting  a 


reliable  statistical  analysis, 


1  .  S  t  □  c  k : 


We  obtained  the  stacks  of  the  CG  personnel  from  the 
PMIS  generated  Comoarative  Status  report  ( CQMSTAT > .  This 
data  was  separated  by  month,  paygrade  and  rating.  We 
aggregated  over  ratings  to  obtain  data  by  month  and  paygrade. 
£-2  and  E-3  stocks  include  both  rated  and  non-rated 
oersonnel.  Stocks  are  as  of  the  last  day  of  the  month. 

2  -  Demo  t : ons 

We  obtained  demotion  data  directly  from  the  1986  PMIS 
data  by  month  and  paygrade  .  No  data  was  available  for  prior 
years.  Based  on  this  data  and  a  priori  knowledge  of  the  CG, 
we  decided  that  demotions  were  statistically  insignificant 
for  purposes  of  this  model  and  could  be  ignored,  as  the 
demotion  rate  was  less  than  .0001  for  any  given  paygrade  and 
month . 

3 .  Promo  tions 

We  obtained  this  data  from  the  Enlisted  Programs 
Office  (derived  from  the  servicewide  advancement  lists). 
Data  was  only  available  for  tnose  paygrades  to  which 
promotions  are  based  on  the  Servicewide  competition  (E-5  to 
E-9).  Promotion  to  E-4  occurs  upon  completion  of  a  specialty 
school  (A-school)  and  other  qua  1 i f i c a t i ons  and  this  data  was 
not  available.  No  data  was  available  for  promotions  to  E-2 
or  E-3.  We  derived  historic  promotions  to  paygrades  E-2, 


E-3»  and  E-4  by  solving  conservation  of  flow  equation  [E.ll. 
We  were  able  to  compare  the  derivation  for  promotions  to  E-4 
with  1965-36  data  available  for  A-school  graduates  and 
personnel  promoted  through  the  "striker"  program  (this 
orocess  is  cesc-ibed  in  Chapter  III)  .  There  was  a  favorable 
comparison  between  the  derivations  and  the  data,  i.e.  the 
derivations  were  within  ten  percent  of  the  data  j  time  trends 
and  seasonal  variations  were  preserved.  We  could  not  use  the 
actual  data  *or  35-36  oecause  the  A-school  graduate  data 
included  an  unknown  number  of  personnel  who  successfully 
completed  A-scnool  but  did  not  complete  the  other 
requirements  for  advancement  to  E-4.  We  compared  our 
derivation  for  promotion  to  E-2  with  data  extracted  from  a 
1985  list,  of  recruit  training  center  graduates  .  We  were 
able  to  extract  approximately  500  usable  records  from  1000 
examined  <  1/8  of  the  total).  A  proportionate  comparison  of 
our  derivations  *or  the  same  period  indicate  the  cumulative 
total  of  the  derivations  was  within  one  percent  of  the 
extracted  data.  No  data  of  any  form  was  available  to  compare 
with  derived  □'■emotions  to  E-3 . 

'he  n u,vD‘~r~  of  oromotions  for  each  paygrade  and  month 
was  divided  by  the  stocks  at  the  beginning  of  that  month  to 
obtain  a  promotion  rate.  We  considered  the  desirability  of 
further  categorizing  the  number  of  personnel  in  a  paygrade  by 
eligibility  for  promotion,  but  data  was  not  available  to 
support  this  effort  even  though  it  could  have  led  to  a  more 


accurate  calculation  of  the  promotion  rate.  The  reader 
should  bear  this  in  mind  when  comparing  our  promotion  rates 
(promotions  t  stocks)  to  the  usual  definition  of  promotion 
rates  (promotions  r  number  eligible  for  promotion). 

4 .  Attritions 

Attrition  data  was  obtained  from  a  separations  tape 
which  is  created  annually  from  the  PMIS  database.  Complete 
information  was  available  for  1981  and  1983-86.  The 
attritions  were  categorized  by  paygrade,  month  ana  tvoe  of 
attrition  (also  listed  here  by  PMIS  code).  The  types  of 
a 1 1 r i t ions  (  d i scussed  in  the  introduction  )  were  reservists 
released  from  active  duty  (DA),  deaths  (AD), 
ret irements ( BA ) ,  administrative  discharges  ( AF ) ,  and  non- 
reenl istments  <AA,  AB ,  AC,  AE ,  AF ,  DA,  DB ,  DC).  We  original¬ 
ly  separated  the  attritions  into  categories  with  the  inten¬ 
tion  of  exploring  the  possibility  of  obtaining  additional 
information  for  our  predictions  based  on  intuitive  knowledge 
of  correlations  between  attrition  type  and  paygrade  (e.g.:  99 
percent  of  E-9  attritions  are  due  to  retirements).  The  data 
provided  numerous  confirmations  of  these  type  of 
relationships  but  ultimately  it  was  determined  that  no 
significant  improvement  to  the  model  could  be  obtained  from 
this  information.  We  decided  to  use  the  total  attritions 
categorized  by  paygrade  and  month. 

An  examination  of  the  data  revealed  a  glaring 
problem  with  data  from  October,  November  and  December  1983 


f. 


(FY84).  The  data  showed  no  attritions  for  October  and 
November  and  then  a  unusually  large  number  for  December 
(approximately  three  times  larger  than  normal).  This  data 
anomaly  was  due  to  a  software  conversion.  We  decided  to 
adjust  this  data  based  on  other  data  that  we  had  from  the  CG 
report  "Enlistea  Active  Duty  Accessions  and  Attritions", 
referred  to  as  "36f".  This  report  summarizes  attritions  for 
the  month  by  the  same  types  of  attritions  but  does  not 
categorize  attritions  bv  pavgrace.  we  *elt  that  by  applying 
the  proportions  of  attritions  captured  i  n  the  "36T""  report 
for  these  3  months,  we  could  get  a  reasonaole  approximation 
of  the  missing  data.  We  were  further  encouraged  in  this 
appr o x i ma t i on  by  the  previously  discussed  analysis  which 
showed  that  certain  types  of  attritions  were  closely  tied  to 
certain  paygrades.  For  example,  we  previously  determined 
that  almost  all  attritions  in  the  E-9  paygrade  were  due  to 
retirements.  The  "36f“  report  lists  the  aggregate  number  of 
retirements  in  a  month.  We  were  able  to  calculate  from  this 
data  the  proportion  of  total  retirements  that  occurred  in 
each  of  the  three  months  (OCT,  NOV,  DEC? .  We  applied  this 
proportion  to  the  original  attrition  data  categorized  oy 
paygrade  (E-9  in  this  case).  Similar  adjustments  to  the  data 
were  calculated  based  on  our  previous  analysis  of  correlation 
between  attrition  type  and  paygrade.  After  the  approximation 
we  tested  our  results  with  conservation  of  flow  equation 


C2.ll  for  the  three  months  for  paygrades  E-5  through  E-9  (as 
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previously  discussed)  E-2  through  E-4  values  of  promotions 
were  derived).  There  were  no  glaring  inconsistencies  in  the 
results  (all  approximations  were  within  two  percent  of  the 
conservation  of  flow  results  and  no  negative  flows  were 
gen er a  t  ed )  . 

Two  adjustments  were  maos  to  the  data  to  reflect 
policy  changes  that  we  felt  were  significant  enough  to 
warrant  manipulating  the  data  prior  to  analysis  and 
modelling.  The  03  instituted  a  program  from  March  1986  to 
July  1906  that  allowed  a  limited  number  of  personnel  to 
voluntarily  leave  the  service  prior  to  the  end  of  their 
enlistment.  The  number  of  people  attriting  under  this 
program  was  closely  monitored  and  data  was  available  by 
paygrade  and  month  reflecting  the  number  of  people  discharged 
under  this  temporary  policy.  The  attritions  were  subtracted 
■from  the  total  attritions  bv  paygrade  and  month  under  the 
assumption  that  the  discharges  would  not  have  occurred 
without  this  policy  change.  Secondly)  a  number  of  policy 
changes  at  the  CG  recruit  training  center  have  resulted  in  a 
significant  reduction  in  E-l  attritions  from  1  October  86 
througn  31  March  3".  in  analysis  of  the  policy  changes 
indicate  that  we  can  reasonably  expect  this  reduction  in  E-l 
attritions  to  continue.  The  reduction  in  attritions  over  the 
six  months  was  35  percent.  We  reduced  the  1983  through  1986 
E-l  attritions  by  this  percentage  . 


The  attritions  were  converted  to  a  monthly  attrition 
rate  for  each  paygrade  by  dividing  the  respective  number  of 
attritions  for  a  month  by  the  corresponding  stocks  at  the  be¬ 
ginning  of  to at  month.  The  monthly  aggregate  attrition  rate 
was  obtained  bv  using  the  aggregate  attritions  and  stocks. 

5 •  Rec  rui is 

Recruit  oata  was  obtained  from  annual  summary  reports 
kept  by  the  Office  o^  Military  Recruiting  ( PMR ) .  Recruit  data 
was  availaDle  ‘‘or  1^80-  1^86  by  month  and  paygrade  (recruits 
in  paygrade  £-1  are  raw  recruits,  those  in  paygrade  E-3  are 
usually  prior  service  CG,  those  in  paygrade  E-2  are  usually 
personnel  who  nave  completed  enlistments  in  DOD  services, 
and  those  in  paygrades  E-4  to  E-7  are  prior  service  personnel 
with  specialty  skills  in  "open  ratings".  Open  ratings  and 
paygrades  are  defined  by  the  Open  Rating  List  and  are  tied 
directly  to  the  Selective  Reenlistment  Bonus  program.  The 
only  inputs  no o  included  here  were  reservists  coming  on 
active  duty.  These  numbers  were  derived  from  conservation  of 
flow  equations  already  described.  The  other  option  we 
considered  was  to  delete  the  attritions  due  to  reservists 
returning  to  .-act.ve  but/  and  make  the  assumption  that  the 
numbers  o  T"  reser/ists  beginning  extended  active  duty  and  of 
reservists  ending  extended  active  duty  are  in  equilibrium, 
which  is  the  assumption  currently  made  by  Enlisted  Programs 
branch.  An  initial  examination  of  the  data  indicated  that 
this  assumption  would  degrade  the  quality  of  the  predictions 


from  this  model. 


Data  was  also  collected  for  the  monthly 


recruiting  quotas  set  by  the  Enlisted  Programs  division  and 
the  Military  Recruiting  branch  at  the  beginning  of  each 
fiscal  year.  Monthly  recruiting  quotas  are  the  forecasts  of 
monthly  accessions  that  will  enable  the  C3  to  meet  the 
desired  end  of  month  strengths.  A  comparison  of  ^he  ouooas 
and  the  actual  accessions  can  give  a  historic  depiction  of 
the  rate  of  recruiting  success  during  various  months  of  the 
year  by  the  field  rec'uiters. 

6 •  Expiration  of  Enlistments 

We  were  able  to  obtain  anticipated  expirations  of 
enlistments  categorized  by  month  and  type  (non-rates,  first 
enlistment,  subsequent  enlistments).  This  data  is  obtained 
from  the  PMIS  database  at  the  beginning  of  each  fiscal  year 
and  is  the  number  of  enlistment  contracts  or  contract 
extensions  that  will  expire  in  the  next  year. 

7 .  Billets 

The  Personnel  Allowances  Division  determines  the 
authorized  number  of  personnel  in  each  paygrade.  These 
authorized  positions  are  called  billets.  3i 1  lets  minus 

stocks  yield  vacancies  that  can  be  filled  ov  promotions  or 
accessions.  A  detailed  description  of  tne  process 

surrounding  changes  to  the  authorized  billets  and  their  use 
in  the  manpower  flow  process  is  included  in  Chapter  III. 

8 .  Data 

Appendices  A  and  B  contain  the  data  used  . 
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B-  EXOGENOUS  DATA 


Economic  variables  were  researched  from  readily 
accessible  publications  to  provide  possible  input  into 
regression  models.  Pertinent  categories  of  economic 
variables  were  chosen  based  on  anticipated  regression 
hypothesis.  In  most  cases  the  categories  were  chosen  to 
coincide  with  the  "popular”  statistics,  i.e.»  those 
statistics  that  are  frequently  seen  or  heard  in  the  public 
media  and  would  influence  a  person’s  opinion  aoout  the  state 
of  the  economy.  Our  hypotheses  will  oe  discusses  in  more 
detail  in  Chapter  III,  but  we  believed  that  any  influence  the 
economic  indicators  had  on  decisions  to  leave  were  based  more 
on  the  perceived  state  of  the  economy  than  on  those  economic 
factors  which  would  be  s ta t i s t i ca 1 1 y  related  to  an  individual 
(e.g.:  the  seasonally  unadjusted,  20-25  year  old,  male 
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1  .  Consumer  Price  Index 

CPI  is  the  unadjusted  CPI  for  all  urban  consumers, 
city  average,  for  all  items.  The  index  of  reference  is 
1967=100.  Data  was  obtained  from  the  Bureau  of  Labor  and 
Statistics’  CPI  Detailed  Report  for  FY81  -  86. 


Unemployment  rates  are  the  seasonally  adjusted 
unemployment  rates  for  men,  lo  and  over,  20-25  and  25  and 
over.  Data  was  obtained  from  Table  A— 38  of  BLS ’  Emp 1 oyment 
and  Earninps  Report  /ariaus  volumes)  for  1981—  1986.  These 
categories  were  onosen  as  characteristic  of  the  demographic 
makeup  of  the  Coast  juara  . 

3 .  Gross  National  P-oauct 

GNP  is  ;n  1-82  dollara.  "he  annual  rate  was  obtained 
•‘or  eacr  quarter  *rom  1981-  1986  from  Table  II-A-80  of 
Business  Conditions  Digest  (various  volumes).  In  order  to 
convert  this  data  to  monthly  figures,  we  assumed  that  the 
changes  from  month  to  month  were  linear  and  -interpolated 
accordingly. 

4 .  Pay  Raises 

The  percentage  of  the  annual  pay  raise  or  DOD  (same 
as  C5 )  obtained  *'or  1'393-  1Q86  *-om  various  issues  of  the 
Ma v y  Times. 

5 .  Data  Modification 

The  described  economic  data  was  manipulated  further, 
_  5  i  ng  ci^^erencing  one  mo  n  t  -1  *  si<  month  and  twelve  month), 
to  make  it  more  useful  in  the  proposed  linear  regression 
model  described  in  Chapter  III. 

The  exogenous  data  used  by  the  author  is  included  in 


Append l x  A . 


The  differenced  data  is  contained  in  Appendix  B. 


C.  DATA  ANALYSIS 

Most  of  our  data  analysis  was  graphical.  We  were 
attesting  to  select  variables  and  determine  patterns  that 
would  assist  in  the  development  of  various  inputs  to  the 
Markov  model  we  nave  proposed.  A  subsidiary  benef it  of  this 
analysis  is  a  concise*  graphical  representation  of  historic 
personnel  policies.  There  are  a  number  of  trends  and 

variations  in  the  data  that  are  not  directly  related  to  this 
analysis  but  -nignt  be  of  considerable  interest  to  the  CG 
policy  maker  ‘e.g.  there  is  a  trend  toward  a  top  heavy  force 
pyramid).  We  used  numerous  analytic  tools  that  are 

available  on  GRAFSTAT  [Ref.  33  but  found  that  the  clearest 
results  were  obtained  from  time  series  plots  ,  multiple  box 
plots  and-  scatter  plots.  Numerical  summaries  of  the  data 
were  obtained  through  the  SAS  [Ref.  43  regression  models  used 

in  Chapter  III.  We  will  discuss  those  aspects  of  the  data 

analysis  t ha  ~  naa  the  most  significance  to  our  model 
deve 1 opmen  t . 

1  .  Stocks 
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£ .  Attrition  rates 

A  time  series  plot  of  the  attrition  rates  revealed  a 
passible  time  of  year  effect.  See  Figure  2.2.  A  multiple 
boxplot  of  the  attrition  rates,  categorized  by  month  and 
paygrade  revealed  a  definite  month  effect,  with  a  consistent 
spike  in  all  cases  in  the  summer  montns.  See  -iqure  5.3. 
This  effect  will  be  exploited  in  the  regression  models. 

3 •  Promotion  rates 

Multiple  box  plots  categorized  bv  cavqrade  and  montn 
revealed  definite  month  effects  with  clear  spikes  in  January 
and  July.  See  Figure  5.4  and  2.5.  This  effect  will  be 
integrated  in  our  regression  model. 

4 .  Recrui ts 

A  multiple  boxplot  of  recruits  as  a  percentage  of  the 
yearly  total  and  as  a  percentage  of  quota  obtained  revealed 
a  definite  decline  in  recruiting  levels  in  June  and  December 
and  a  consistent  pattern  of  reaching  the  quota  level  in  all 
months  except  December.  See  Figure  2.6.  Figure  2.7  is  a  time 
series  plot  of  recruits  by  month  and  paygrade.  We  attempted 
to  discern  any  time  of  year  ef*ect  other  than  the  one 
mentioned  above  or  any  trends  in  tne  data.  In  general,  we 
felt  there  were  no  significant  effects.  These  observations 
will  be  used  to  develop  model  assumptions  in  the  manyear 
consumption  part  of  the  model  (Chapter  IV)  and  will  be 
integrated  in  the  development  of  the  recruitment  proportion 
vector  (Chapter  III). 
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Billets 


A  time  series  plot  of  the  billets  was  examined  in 
conjunction  witn  -:qure  2.1  to  examine  probable  correlations 
between  stocks  a  n  c  billets  (we  expected  that  growth  in  the 
system  would  os  '9* letted  oy  a  proportional  change  in  the 
billets  “or  eacn  oavgrade).  See  Figure  2.8.  We  then 

examined  a  time  series  plot  of  billets  divided  by  total  force 
strength.  Th _ a  wouic  indicate  any  changes  in  the  actual 

billet  ovramic.  ■Je  observed  that  E-Q  billets  hovered  at  the 
maximum  one  2-3  billets  seemed  to  hover  at  about 

1.6  percent  with  a  cossible  increasing  trend.  E-6  and  E-7 
billets  have  experienced  a  definite  upward  trend,  perhaps 
reflecting  an  increase  in  technical  billets  in  the  CG.  E-5 
billets  appear  relatively  stable  with  a  possible  small 
increasing  trend.  E-4  billets  seem  to  fluctuate  widely.  We 
suspect  that  th.s  -esults  from  widely  changing  needs  in  lower 
level  specialty  levels  as  missions  are  added  or  redefined,  as 
well  as  the  -e.ativel /  short  time  required  to  promote  a  raw 
“ecruit  to  this  level  of  competence.  The  E-l  to  E-3  billets 
apcear  to  ia/9  share  changes  due  to  changing  policies  (large 
growtn  .mc.ies  a  .a-ge  increase  in  E-l  billets)  as  well  as 
some  apparently  ar: : trary  changes  (  see  shift  between  E-2s 
and  E-3s  in  I*  ay  198^).  See  Figure  2.9. 

“This  led  to  an  examination  of  a  time  series  plot  of 
actual  stocks  divided  by  the  total  stock  to  see  if  our 
historic  pe-'sornel  policies  produced  results  correlated  to 


the  planned  structure.  We  observed  a  strong  correlation 
between  stocks  and  billets  in  paygrades  E-4 ,  E-6  to  E-? .  In 
paygrade  E-5,  it  appears  that  the  CG  was  significantly  under 
authorized  strength  and  has  recently  closet  the  gao .  There 
appears  to  be  little  correlation  in  the  paygrades  E- 1  to  E-3. 
This  is  not  surprising  since  the  CG  promotion  oolicies  in 
these  categories  are  not  tied  to  vacancies  but  are  on  an  "as 
qualified"  basis.  See  Figure  E.10.  Lastly  we  examined  a 
time  series  plot  of  stocks  divided  by  billets  wnion  'selects 
how  close  our  historic  stocks  relate  to  authorized  strengths. 
We  see  that  in  the  E-7  to  E-9  paygrades.  we  are  -elatively 
close  to  100  percent  of  billets.  In  paygrades  E-5  to  E-6,  we 
are  chronically  under  authorized  strength.  In  paygrade  E-4 
we  are  chronically  over  authorized  strength.  These 
d 1  sc r epanc 1 es  are  explained  further  in  Chapter  III.  See 
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Ill-  MODEL  FLOW  RATE  ESTIMATION 
A.  ATTRITION  RATES  :W( 

Monthly  attrition  -at es  fo r  each  pay  grade  are  needed  for 
the  Markov  transition  moaei  oresented  in  Chapter  V. 

Aggregate  attrition  rates  for  June  and  December  are  used  in 
the  man  year  consumption  oortion  of  the  model  discussed  in 
Chao  ter  IV.  "he  n urn an  oenav i or  a i  nature  of  this  flow  rate 
makes  it  difficult  to  *orecast  accurately.  It  is  difficult 
to  make  a  general  Hypothesis  about  factors  influencing 
decisions  to  leave  an  employer.  We  discuss  below  a  reliable 

and  consistent  monthly  forecast  method  developed  for  each 
paygrade.  Areas  where  the  forecasts  may  be  improved  will 
also  be  mentioned.  In  each  of  the  three  possible  forecast 
methods  discussed  below,  we  developed  ten  cases  for  each 
forecast  (nine  pay  graces  olus  the  aggregate). 

The  notation  developed  in  this  section  attempts  to  be 
consistent  with  the  notation  used  by  Batholemew  and  Forbes 
[Ref.  E:pp.  85-1121.  It  will  be  used  throughout  this  paper. 

Three  different  methods  were  considered  in  developing  a 
model  to  predict  tne  attrition  rates.  They  were:  an 

econometric  linear  regression  model,  a  three  year  weighting 
scheme,  and  an  exponential  smoothing  scheme.  In  order  to 

compare  the  predictive  quality  of  the  three  methods,  we  used 
the  1983  through  1985  data  to  forecast  the  attrition  rates 


for  1986.  We  compared  the  sum  of  squares  of  the  di 
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W.  (1)  =  W  .  <  0 ) ;  a  is  selected  to  optimize  the  model. 

11 

This  model  was  applied  for  each  paygrade  ana  month 
combination.  This  limited  each  model  to  four  data  points. 
We  attempted  to  remove  the  time  of  year  effect  ao  that  we 
could  apply  this  model  across  all  h8  data  points  our  we  were 
not  successful  in  removing  the  month  effect.  ts  nore  data 
becomes  available)  this  analysis  would  appear  to  have  more 
merit,  possibly  extending  the  flexibility  of  the  attrition 
rate  forecasts. 

The  third  model  we  considered  was  an  econometric 
regression  model: 

AAA 

W.  <  t )  =  /3  +  £  fl  X  (  t  >  +  €. 

i  0  j  j  j 

where  W  (t>  =  attrition  rate  for  paygrade  i  during  month  t 

(3  =  coefficient  estimate  for  the  carrier  variable  j 

1 

X  (t)  =  observed  value  of  the  j th  carrier  variable 

J 

i n  month  t . 

£  =  error  component  with  assumed  distribution 

N(0,o-2)  . 

The  hypothesis  was  that  the  tendency  to  attrite  would  be 
influenced  by  a  combination  of  internal  ^actors  ana  e-<  re>- ~a  1 
economic  factors  which  could  either  be  anticipated  exactly 
le.g.  expiration  of  enlistments)  or  forecast  with  relative 
accuracy  (e.g.  unemployment  rates).  In  considering  possible 
carrier  variables  it  was  important  to  remember  that  this  was 
only  a  small  part  of  the  total  model  and  inputs  would  have  to 
be  limited  to  make  the  model  practical.  The  end  user  of  the 


model  needs  a  model  with  inputs  that  are  easy  to  obtain  .  A 


complicated  model  would  discourage  use  because  of  the  data 
collection  necessary  to  make  it  work.  «e  also  took  into 
consideration  the  selection  of  variables  ■  c  -  wnich  data  are 
readily  available  from  other  offices  at  23  -eadouar t er s .  We 
also  examined  the  abundant  number  of  similar  -looels  that  have 
been  developed  in  this  area  for  other  military  services.  The 
variables  we  considered  using  were  broke-  into  two  categories 
(abbreviations  are  SAS  variable  names  . 

1 •  Dependent  Variables 

The  attrition  rate  for  each  month  *or  each  paygrade 
and  the  aggregate  attrition  rate  for  the  month.  (El  ,E2i  .  .  .  > 
E9.EALL  ) 

2 .  Independent  Variables 

We  initially  considered  the  concurrent  levels  of  the 
economic  indicators  as  dependent  variables.  'he  resulting 

poor  regression  fit  led  us  to  attempt  to  dif*erence  aii 
economic  indicators  because  we  hyoothesirso  that  individuals 
reacted  to  changes  (is  it  getting  better  or  worse7)  in  the 
economy  when  making  decisions. 

a.  Consumer  Price  Index  rdr  all  Cocas  CPI 

This  variable  is  considered  tor  inclusion  after 
differencing  one»  six,  and  twelve  months.  (CPI1,CPI6,  CPI1S) 

b.  Gross  National  Product  ( GNP ) 

This  variable  is  considered  for  inclusion  after 
differencing  one,  six  and  twelve  months.  ( GNP 1 ,  GNP6 ,  GNP12) 


c.  Unemployment  rate 

We  initially  considered  the  urban,  seasonally 
adjusted  rate  for  white  males,  based  on  the  demographic  make 
up  of  the  CG .  The  variaoie  was  also  considered  in  the 
additional  age  catego'.es  :  la-*-,  80-25,  25-*-.  This  variable 

was  differencec  six  mcncns  in  ail  cases.  ' E20L AG ,  E25LAG, 
ETQTLAG).  We  eventually  settled  on  the  aggregate 

unemployment  rate  dif‘=renc2a  six  months  because  it  is  the 
most  reacilv  avaiiacie  “ate  *or  wnicn  forecasts  are  available 
for  the  next  twelve  months.  we  were  satisfied  with  this 

substitution  because  examination  of  the  differenced  values 
indicated  that  all  the  indicators  tend  to  move  in  the  same 
direction  with  the  same  relative  increments. 

d.  Pay  difference  (PDIF) 

This  variable  attempts  to  capture  the  change  in 
purchasing  power  of  the  enlisted  person.  It  is  the 

difference  between  trie  DPI  di““erenced  twelve  months  and  the 
last  pay  raise  .  This  /ariatle  was  suggested  by  CPT  Higham 
[Ref.  8]  in  an  Army  SRE  model  and  was  used  with  good  success. 

e.  Exoiration  of  enlistments  ( EENR , EESUB , EE  1  ST ) 

This  is  toe  oro;9ctea  numcer  of  enlistments  that 

will  expire  in  a  month  for  the  aggregate  paygrades  E-l 
through  E-3,  first  term  and  subsequent  enlistments. 

f .  Rear uits 

This  is  the  number  of  E-l  recruits  entering  the 
system  in  the  last  month  and  2  months  ago . ( I NLAG 1 , 2 ) 


3 .  Forced  Variables 

These  are  independent  variables  included  in  all 
possiDie  models.  We  included  a  variable  to  account  for  the 
time  oT'  year  effect  discussed  in  the  data  analysis  section. 
We  examined  two  different  schemes  to  account  for  this  effect: 

a.  Dummv  variables  were  assigned  to  each  data  point.  This 
method  entails  using  11  binary  variables  to  account  for 
12  months,  "or  example*  the  variable: 

i  1  *  or  January 

0  * or  all  other  months 

Similar  assignments  are  made  for  the  other  variables 
X  £  ,  X  3  ,  .  .  .  ,  XU. 

b.  Tne  data  suggested  the  time  of  year  effect  may  be 

captured  with  a  higher  order  model  (second,  third  or 
fourth  o'"dsr'  seemec  most  likely  after  examining  the 
cats  .  -  tent-  . eriaPie  was  generated  that  was  codec 

Cctcuer  =  2,  December  =  3,  .  >  September  =  1. 

This  coding  was  indicated  by  examining  the  data.  It 
appeared  that  the  polynomial  time  of  year  effect 
started  in  September  rather  than  in  October. 
Additional  variables  were  generated  from  the  month 
variable  ( MNTH )  by  raising  the  month  variable  to  the 
second,  third  and  fourth  power  (MS,  M3,  M4 ) . 


Other  Var i ab 1 es 


4  . 

After  using  the  above  variables)  we  also  considered 
the  usefulness  of  the  following  variables. 

a.  Selective  Reenlistment  Bonus. 

This  data  is  not  categorized  ov  month  or  oavqrace 
and  a  transformation  of  the  data  would  be  necessar  <e  sus¬ 
pect  that  this  variable  would  be  what  Tukey  [ReT‘ .  3 :  op  .  Ole- 

317]  calls  a  proxy  for  economic  variables  mentioned  ?ar 1 :=r . 

b.  Average  age.  ”ime  in  Service.  ~.me  in  :r  aos. 

This  data  was  incomplete  and  not  categorized  ov 


month  . 


5 .  Selecting  the  Variables 

The  method  of  selecting  the  variables  to  use  was 
facilitated  with  two  procedures  available  in  SAS :  Stepwise 
regression  and  the  R-Square  procedure. 


The 

first 

step 

after 

determining  appropriate 

cand l date 

var i ab 1 es 

was 

to  use 

the  steowise  regress 

’  m 

procedure 

to  begin 

the 

variable 

selection  process. 

The 

resu Its  are 

summar i z  ed  in 

Table  3.1 

.  The  stepwise  select 

i  on 

procedure 

se i ec  t  ed 

one  of  the  CPI 

/ariabies  in  eigne  d  u  : 

2 

the  ten  cases.  It  selected  one  of  tne  GNF  variables  in  *our 
out  of  the  ten  cases.  It  only  selected  an  unemployment  -ate 
variable  in  one  case.  It  selected  the  pay  difference 
variable  in  five  out  of  the  ten  cases.  It  selected  an 
expiration  of  enlistment  variable  in  six  out  of  the  ten 


cases. 


It  selected  the  recruit  variable  in  four  out  of  the 


ten  cases.  There  did  not  seem  to  be  a  consistent  selection 


of  one  particular  differencing  (one,  six  and  twelve  months) 


for  any  of  the  variables  . 
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Independent  E-9  E-8  E-7 
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E-3  E-2  E-l  EALL 

Var i ab I e 
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X  X  X  X 

Month*2  X  X  X 

X  X 

X 
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CPI  d  iff  1  X  X 

X 

X 
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.27  .69  .43  .54  .60  .77  .57  .56  .65  .67 

1.6  13.4  5.0  7 . B  7.8  6.2  .72  5.5  1.6  4.5 


The  next  step  in  the  variable  selection  process  was 
to  deal  with  two  problems.  First,  there  were  variables  that 
the  stepwise  ’"egression  selected  that  did  not  have  intuitive 
appeal  e . g .  the  node!  * : r  E  -  3  attrition  rate  selected  the 
-umDe’"  E-i  -ecruits  entering  the  service  in  the  preceding 

.no n t h  .  Seconciv,  -Me  desired  to  nave  a  consistent  nodel  for 
each  paygrade  that  usee  rone  or  less  the  same  variables.  We 
-til  iced  the  CSGUAPE  o^dcedu re  to  facilitate  the  refinement 
0"  t^e  /  a  r : a  o . e  3  e  1  e  c  t . 0  n .  ~  h e  S  3  U  A  P  E  procedure  allowed  us 

to  see  1  *  ttere  we^e  0  t  r e"  / an . able  combinations  different 
""dm  the  ones  selected  :v  one  stepwise  regression  procedure 
that  provided  a  comparac.e  duality  of  fit.  The  results  of 
this  analysis  and  selection  process  are  summarized  in  Table 
3.2  .  The  RSQUAPE  procedure  helped  considerably  in  this 
selection.  Some  of  our  decisions  to  select  variables  » 

however ,  were  based  c-  the  desire  to  have  a  consistent  model, 
-or  example,  t-e  ^SE'JAPE  c^ocedure  indicated  that  the 
_  r  e  n  p  i  o  ■/  t  e  n  t  v  ar  1  ac  1  e  -a  s  statistically  insignificant  for 
paygrades  E-l,  E-2  arc  E-9,  however,  it  was  statistically 
significant  f:r  the  ot.ne-  tavorades.  We  decided  to  include 
t  e  u  n  e  m  p  1  3  /  m  e  n  t  .  a  r  .  a  o  .  e  1  ->  all  cases  '.each  paygrade)  of 
our  models  to  ita^e  t ~ e m  consistent  with  each  other.  Note 
that  the  R-squarea  values  obtained  with  the  selected 
variables  in  Table  3.2  a^e  about  the  same  as  those  obtained 


with  tne  stepwise  regression  in  Table  3.1. 


ryry^r-v^il^iri 


Lastly,  each  of  the  ten  linear  regression  models 
resulting  from  the  variable  selection  process  described  above 
were  evaluated  with  diagnostics  available  in  the  SAS 
procedure  REGRESSION.  See  Appendix  B.  We  oo served  no 
significant  col  linear i ty  among  the  variables  .  Using  Zook’s 
D  statistic,  and  the  diagonal  of  the  Hat  matrix  lReT'.  1J:pq 
170-175j,  we  observed  outliers  (observations  of  JAN  35  and 
NAY  86)  with  possible  significant  impact  on  the  regression. 
We  examined  the  model  without  these  observations  ana  tic  id: 
obtain  any  significant  improvement.  We  examined  :ne  -esuics 
for  possible  violations  of  the  assumptions  "squireo  for 
linear  regressions  (normality  of  the  residuals, 
homascedast i c i ty ,  linearity  of  the  model,  independence  of  the 
carrier  variables)  and  found  no  evidence  that  these 
assumptions  are  untenable.  The  REGRESSION  procedure  also 
provided  the  estimated  parameters  for  each  mode:  which  are 
summarized  in  Table  3.3  . 

The  results  of  the  three  candidate  models  were  evaluated, 
as  discussed  previously,  by  comparing  the  sum  of  the  squares 
of  the  differences  between  the  forecast  value  *ir  1°S6  and 
the  observed  data.  There  is  an  cdvicus  bias  toward  : - e 
regression  model  in  this  comparison  because  it  utilized  lQ8c 
data  in  developing  the  parameters.  The  alternative  would  have 
been  to  use  1983  through  1985  data  to  estimate  the  parameters 
and  then  to  forecast  the  1986  values.  There  were  nine  to 


eleven  degrees  of  freedom  utilized  by  the  model  and  we  felt  a 


TABLE  3.3  ATTRITION  RATE  MODEL  COEFFICIENTS 


Var laD  le 

E-9 

E-9 

E-7 

E-6 

INTERCEP 

0.01 067604 

0.01577605 

0 . 00486376o 

0.001431995 

MNTH 

0.015S5133 

-0.003886160 

0.0002453=8 

0.  OOOo8E137 

MB 

-0.006107779 

0 . 0007B9S8 1 

-0.00016375** 

-0.000327988 

M3 

0.000771957 

-0.000087567 

0.000019632 

0.300043157 

M4 

-0.000030584 

.00000473143 

-5.91 B27E-0'’ 

-0.300001 65* 

PDIF 

-0.10579793 

-0.07331790 

-0.07361 "33 

-0.30457333'5 

CPI  1 

1 . 17547549 

0 . 5335=223 

0. 1  "835560 

0.0789745U 

GNP6 

-0. 10934948 

— 0 .161 53493 

-0. 01317633 

-0.003734301 

EESUB 

.00000443804 

.00000718083 

-.0000039631 

.00000816334 

EMPLAG 

0.01936890 

-0.008053806 

0.001 973~5o 

-0 . 0044-36700 

E-5 

E-« 

0  I  d  i 

INTERCEP 

0.005382164 

0.005869708 

INTERCEP 

3.006831735 

MNTH 

0.000585879 

-0.001017329 

MNTH 

-0.000349264 

M2 

-0.000449154 

0.000057722 

M2 

-0.000060927 

M3 

0.000065590 

1 . 03404E-07 

M3 

0.000012682 

M4 

-.0000036833 

1 .94522E-07 

M4 

-4.16B48E-07 

PDIF 

-0.10081540 

-0.12075055 

PDIF 

-0.07808159 

CPI1 

0.49057364 

0.55959220 

CPI1 

0.44951882 

GNP6 

0.01639801 

0.03545173 

GNP  6 

0.005340226 

EESUB 

.00000340663 

EETQT 

.00000747545 

EE  1  ST 

0.000013034 

0.000038391 

EMPLAG 

-0.007287778 

EMPLAG 

0.000851757 

-0.01327953 

E-3 

E-3 

E-l 

INTERCEP 

0 . 003427755 

0.004910380 

0  .  1 60-7634 

MNTH 

0.002763041 

0.004754049 

-0.0 176*010 

M2 

-0.000662970 

-0.001799233 

0.001 12853i 

M3 

0.000055978 

0.000251901 

0.000165846 

M4 

-.0000014417 

-0.00001 1088 

-0.000013300 

PDIF 

-0.13333437 

-0. 1 1082705 

-0. =8051387 

CPI  1 

0.679412=4 

0.63767360 

0 . =30 i 536 1 

GNP6 

-0.07198693 

-0.29187216 

-0 .  **85Cc:0,7' 

EENR 

0.000067688 

0.000060013 

-0 .  :000°2o 1 ” 

EMPLAG 
INLAG  1 
INLAG2 

-0.01096783 

-0.03206519 

-0 . 1 746*h5c 
-.000004-65 
-0.0001 16961 

Note:  Variable  names  correspond  to  the  SAS  program  found  in 


52 


VvyV 


Appendix  B. 


25  percent  reduction  of  data  points  used  to  estimate  the 


parameters  would  significantly  decrease  the  fit  of  our  model. 
The  regression  model  was  a  i  so  favored  because  it  includes  a 
number  of  external  ’■'actors  affecting  attrition  that  the 
decision  maker  would  exceed  to  oe  important.  The  other  two 
models  consider  :re  attritions  to  be  essentially  a  time 

ser 1 es . 

Tne  results  of  this  ccmcarison  confirmed  the  regression  model 
as  tre  oest  o*  tre  ' n - ee  . n  "his  case  ana  are  summarized  in 
'-ELE  2.4. 

~  ABLE  3.-  TE3IDLAL  comparison 

Method _ I  predicted-actual  )r- 

Regression  .006633 

Weighted  .0240 

Exponential  .05772  ( a=  .82) 


'he  linear  regression  ncoel  was  the  only  model  of  the  three 
* o  r  which  the  residuals  appeared  to  be  normally  distributed. 

The  regression  model  should  be  used  with  the  following 

1.  "  -  x  ev  IPe’-' .  ::oc.  3311  n3s  oiscussea  some  dangers  in 

-sir-  3  ”5Si.c’  -‘c"  p-edictions.  The  range  of 

e  c  c  c  T  i  c  ir-dicatc's  '  ;  '  1  9  £  3  -  1  0  8  6  was  small  (relative 
e  c  c  r  c  m  i  c  s  t  a  c  i  1  i  t  -•  .  C  a  -  t  i  c  n  should  be  used  when 

extrapolating  beyond  the  range  of  the  carriers  used  to 
develop  this  model.  It  is  recommended  that  the  model 


be  reassessed  when  the  observed  data  exceeds  the  ranges 
of  the  data  listed  in  Table  3.5,  used  to  develop  this 
model.  ~ne  model  should  be  regularly  reassessed  and 
updated  as  more  data  decomes  available. 
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iELE  3.5  RANGE  OF  CARRIER  VARIABLES 
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Additional  uncertainty  is  introduced  to  the  model 
because  we  will  normally  use  quarterly  forecasts  of 
economic  indicators  and  will  interpolate  monthly 
va  1  ues  . 

Policy  changes  can  nave  a  significant  effect  on  the 
model.  Even  as  this  model  was  developed,  a  significant 
"eduction  . n  S- 1  attritions  took  place  due  to  major 
charges  : ”  the  discharge  procedures  at  the  CG  recruit 
training  center.  Since  we  felt  that  these  changes  were 
long  term,  and  we  were  able  to  observe  from  the  first 
six  months  of  the  1987  data  that  the  attrition  rate  had 
dropped  by  35  percent,  we  modified  the  E-l  and  the 
aggregate  attrition  rates  as  discussed  in  Chapter  II. 


Additional  policy  changes  such  as  a  two  year  enlistment 
and  a  two  year  extension  policy  are  being  considered  or 
have  been  implemented  since  this  model  was  developed. 
The  impact  of  these  and  other  changes  is  unknown  ard 
should  be  considered  when  using  the  model.  ”'->e  output 


of  the  regression  model  will  be  integrate^  i-tc  ore 
spreadsheet  application  of  the  entire  model  ano  me 
user  can  test  the  effect  of  these  pel  lev  :~arqes  0  / 


overriding  the  default  attrition  rates  ;ene-'  a  c  =  q 
regression  anaylsis. 


B.  RECRUITMENT  VECTOR 

Accessions  may  occur  into  any  paygrade  as  oesc-ioea  in 
Chapter  II.  Our  recruitment  vector,  r(t),  will  be  a  vector 
of  n 1 ne  elements  which  are  the  accessions  to  pay grades  E-l  to 
E-9  respectively  for  month  t.  The  data  examined  indicates 
that  the  last  three  elements  ( E-7  to  E-9)  of  the  -■  t.  vector 
should  be  zero.  An  examination  of  the  data  as  cesc-ioed  in 
Chapter  II  lead  us  to  the  hypothesis  that  for  paygrades  E-3 
through  E~6 ,  the  monthly  number  of  accessions  are  constant 
over  time.  Our  nypotnesis  ror  E-E  accessicns  .s  mac  toe 
monthly  accessions  are  the  same  for  all  rentes  except 
December  and  June.  E-l  accessions  are  the  result  of  polio,' 
decisions  (recruit  quotas)  which  this  model  hopes  to 
influence.  We  were  not  able  to  observe  any  time  correlation 
among  the  E-2  through  E-6  recruits  in  the  four  years  of 
data.  We  conducted  a  one-way  analysis  of  variance  to  test 


the  hypothesis  just  described.  In  all  cases  we  found  that  at 
a  significance  level  of  a=  .05»  we  could  not  reject  our 
hypothesis  that  the  monthly  accessions  were  constant  over 
time.  The  results  are  summar i 20c  m  ~aole  3 . o . 

TABLE  3.6  ANQOA  FCR  ACCESS  1 CMS 


NCVA  '3D 


Source 

ss 

Month 

52 . 4000 

Error 

SU9  .  n-62 

— 

Total 

602. 162 

r  ,  = 

3.5678  ~ 

3 . 6 . b  ANOVA  Table 

Accessions  E-5 

Source 

SS 

df 

MS  F-ratio 

Month 

299.4093 

1  1 

27.219  .561 

Error 

3010.4286 

62 

48 . 555 

Total 

3309 . 8378 

73 

II 

in 

1  L 

9.595  ~  10 

Source 

SS 

M  0  r  t  n 

164. 177 

Error 

2290.810 

in. 925 
36.949 


Total 

2454.989 

r 

— 

6.014  ~  6 

TABLE  3.6  (Continued) 


3 . 6 . d  ANCVA 

Table 

Accessions  E-3 

Source 

SS  df 

NS  r-ratio 

No  nth 

797  _  <53^  _  i 

^2.521  1.EE3 

1  Error 

36"5 .143  3E 

1 

39.276 

"atai 

-*‘-*72  •  3^*3  3 

"3 

=  11.041  ~  11 

! 

3  •  -3  •  3  -3  i  i  r. '  J  o. 

~  sc  .  e 

Accessions  E-E 

Sour  c  = 

SS  zf 

NS  F  —  r  a  1 1  o 

i 

i  Nonth 

1  excep  t 

1936.698  => 

215.188  .329 

1  DEC .  JUN 

1 

Error 

33983  5 E 

653.537 

Total 

359S0.597  61 

?2 

(except  DEC » JUN)  = 

32. 73 

2  33 

r  _ 
d. 

(DEC)  =  E2.0  =  22 

_ !i 

(JUN)  =  IE. 4  x  l£ 

Eased  on  the  ana:  /Sis  and  the  discussion  above  the 
h:  .lowing  es  t :  .na  t  i  o  ns  «  e^e  osed  'or  the  recruitment  vector. 

The  estimated  accessions  for  E-3  to  E-6  is  the  average 
of  accessions  over  7c.  months  (CCT  79  to  NOV  85). 

The  estimated  accessions  for  E-E  is  the  average  of 
accessions  over  74  months.  The  estimate  for  December  is  the 
average  of  six  Decembers  (1979  -  1985).  The  estimate  for 


June  is  the  average  of  June  accessions  during  1979-82  and 
1984-85  (1983  was  rejected  as  an  outlier). 

E-l  accessions  are  estimated  by  subtracting  the 

accessions  estimates  above  for  paygrades  E-S  through  E-9  from 
tne  total  me  n  on  I  v  accessions  ( R ( t )  ) .  Total  monthly 

accessions  are  taicoiated  bv  subtracting  last  month’s 
attritions  i.e.  attrition  rate  times  the  stock)  from  the 
forecast  total  s  t  oc  <  T'or  this  montn  <N(t)>.  Computation  of 
M't.  is  oesc-ioec  .r  cetaj.1  in  Chaoter  IV. 

Tne  total  accession  ecu at  ion  is: 

9 

Kit,=  i'l  (  t  -  —  Z  :  1-W  .  (  t-1  )  ]*n  .  <  t-1  ) 

1=1  1  1 

Then  E-l  accessions  are: 

9 

r  ,  (  t  )  =  9  (  t  )  -  Z  r  .  (  t  ) 

1  i  =  l  1 

TPe  average  accessions,  r _  ,  for  paygrades  E-2  through  E-9 

are  summarises  ao ovs  n  'able  3.6. 

Periodically  tne  CG  decides  to  restrict  accessions  in 
pavg"aaes  E--  -o  2--.  In  this  case  the  model  may  use  the 
same  estimates  'or  cavqraoes  E-l  to  E - 3  and  zero  for  E - 4  to 
E-6.  We  examined  wrether  this  change  in  policy  had  any 
effect  on  E-2  and  E-3  accessions  but  could  not  determine  any 
significant  changes  as  the  result  of  this  policy  variation, 
□ur  data  under  this  type  of  policy  change  was  limited  to  ten 
months  (December  1985--September  86)  and  we  recommend 
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further  evaluation  of  the  assumption  that  there  is  no  effect 
on  E-E  and  E-3  accessions  as  more  data  becomes  available. 

C.  PROMOTION  RATE 

A  brief  description  of  the  promotion  process?  expanding 
on  our  comments  in  Chapter  I  is  useful  to  :'.arif7  the 
derivation  of  the  flow  rate  estimations  developed  oere. 

Vacancies  in  this  model  are  defined  as  the  difference 
between  the  authorized  strength  inumber  o f  billets.1  *or  a 
paygrade  and  stocks  in  that  oavgraae.  Billets  :.jn  oe 
generally  divided  into  two  categories — f :?.a  units 
(operational  and  support)  and  general  detail  (personnel  in 
transit,leave  enroute  to  next  duty  station,  imprisoned, 
extended  hosp i ta 1 i zat i on , undergo ing  extended  training  or 
schooling,  and  personnel  in  non-specialty  jobs  such  as 
recruiting).  Billets  are  essentially  limited  to  one  and  two 
percent  of  the  total  force  strength  for  paygrades  E-?  and  E-S 
respectively.  The  basic  billet  pyramid  (distribution)  is 
based  on  historical  precedent  which  in  some  cases  is  oased 
on  well  documented  needs  (  a  ship  or  airstation’s  standard 
organization)  and  in  other  cases  basea  on  undocumented 
heuristic  decision  processes  developed  as  changes  arc  needs 
were  managed.  Billets  are  generally  added  and  subtracted 
from  each  paygrade  as  units  are  authorized  (new  ships  or 
airstations)  or  decommissioned,  or  as  new  missions  are  added 
by  Congress.  Changes  in  units  and  types  of  units  usually 
have  prescribed  manning  levels,  however,  if  these  violate 


other  mandated  size  constraints)  then  ad  hoc  changes  are 
made.  New  missions  frequently  have  no  clear  cut  personnel 
structure  and  the  changes  created  are  difficult  to  estimate. 
There  are  efforts  in  progress  to  quantify  these  'equirementsi 
most  notably  in  the  general  detail  portion.  Other  studies 
are  being  conducted  to  evaluate  the  legitimacy  of  the  current 
structure.  The  best  generalization  that  seems  to  be  possible 
from  examining  the  current  method  of  modifying  the  billet 
allowances  is  that  in  the  snort  term  *  ore  /ear1,  tr.e  ratio  ti¬ 
the  number  of  billets  in  a  paygraoe  to  the  total  monthly 
force  strength  remains  the  same  over  time  : from  one  month  to 
the  next ) . 

Promotions  attempt  to  fill  billets  as  fully  as  possible 
from  the  top  down.  If  a  vacant  billet  cannot  be  filled  from 
the  grade  below,  the  CG  attempts  to  fill  it  with  the  next 
lower  paygrade.  This  procedure  terminates  at  the  E-5  level. 
The  process  is  further  complicates  oecause  the  actual 
promotion  process  is  categorized  bv  rating  (specialty)  as 
well  as  paygrade.  Some  ratings  have  histories  of  chronic 
shortaces  Cue  to  “av oracle  ;  :  <  .  1  .  a  n  emoicyme--; 
opportunities.  Du-  model  is  rot  c  c  re  2'-  ~ec  with  the  “Sti'CS 
but  we  will  consider  the  effect  of  rating  shortages  whe- 
calculating  the  number  of  billets  that  will  remain  unfilled. 
Careful  examination  of  the  process  seems  to  indicate  that  we 
can  view  the  process  without  regard  to  ratings  and  still  not 
reduce  the  quality  of  our  estimations. 


Promotions  can  be  broken  into  two  general  processes. 

1 .  Promotions  to  payqrades  E-5  throuoh  E-9 

Promotions  are  calculated  from  paygrade  E-9  downward 
as  foil o ws : 

a.  The  stocks  ^rcm  the  *  i  '■  s  t  oav  of  the  current  month  are 
obtained  from  PNI3  oacaoase. 

o.  The  following  personnel  movements  are  subtracted  from 
stocks : 

(  1  )  Non  —  '-  een  1  i  s  ~ ne_2  t  s 

An  estimateo  attrition  -ate  is  applied  to  known 
enlistment  exoirations  for  the  current  month.  In 
the  smaller  oavqrades  <E~8>  E-9)  these  attritions 
may  actually  be  anticipated  by  the  assignment 
officers  who  are  assumed- to  have  more  current  and 
accurate  information  than  the  database. 

( 2 )  Ret irements 

Retirements  *or  the  upcoming  month  are 
anticioateo  ov  letters  on  file. 

( 3 )  Anticipated  warrant  officer  promotions 

(4)  Prompt  ions  to  the  next  higher  paygrade. 

c.  The  rssi!.:  of  superseding  the  aoove  personnel  movements 
from  the  beginning  of  montn  stocks  is  the  anticipated 
end  of  month  stocks  prior  to  promotions  to  the 
paygr ade . 

d.  This  projected  stock  is  subtracted  from  the  planned 
billet  strength  for  the  paygrade  to  determine  the 
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number  of  vacancies  for  the  next  month.  These  vacancies 


are  then  *;Il=c  with  promotees  from  the  next  lower 
pavgrace.  acancies  which  cannot  be  filled  due  to 

:  =  r  scnnel  eligible  for  promotion  are 
car-iec  cow-  ~o  “re  -'ext  pavgrade. 


~^ene  ire  procedures  to  account  for  changes  in  the 
general  detail  wnicn  mav  cause  overages  (i.e.  the  number  of 
billets  is  gee-eased  e'-en  though  no  attritions  occur).  For 
examole,  an  E-8  tax  oe  -'tiling  an  E-8  recruiting  billet 
'.this  is  a  ge-e-a.  oetai.  billet  and  not  a  specialty  billet). 
If  there  is  a  /acanc-/  for  an  E-9  in  his/her  specialty  and 
he/she  is  the  senior  person  eligible  for  promotion,  he/she 
will  be  promoted.  However,  the  specialty  vacancy  remains 
unfilled  because  the  promoted  E-8  is  not  eligible  for 
transfer  to  fill  that  billet  .  Additionally  his/her  status 
as  an  E-9  in  a  general  detail  billet  is  exempt  from  statutory 
uooer  limits  *or  that  oaygraae  (i.e.  that  E-9  doesn’t  count 
toward  the  one  percent  constraint).  CG  policy  is  to  promote 
the  next  eligible  E-8  personnel  to  fill  that  E-9  specialty 
vacancy.  ^ater".  it  is  possible  for  the  E-9  in  the  recruiting 
billet  tb  oe  trans*er'ed  back  into  his/her  specialty.  Both 
persons  are  now  counted  against  the  specialty  billets,  and  if 
there  were  no  attritions  from  that  paygrade,  the  CG  is  now 
overfilling  tne  E-9  billets.  The  purpose  of  this 

illustration  is  to  demonstrate  the  minor  policy  variations 
that  could  account  for  overfilling  of  vacancies,  especially 
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in  the  upper  paygrades.  The  numbers  involved  are  so  small 
that  we  will  consider  them  insignificant  for  this  model. 

E .  Promotions  to  paygrades  E-S  through  E-^ 

These  promotions  occur  on  an  as  quail*  .  ed  casis. 
When  an  individual  has  completed  the  r equ 1 r ement =  'dr 
training,  time  in  service  and  paygrade,  and  oemons *r a z ; ons  :f 
competence,  he/she  is  promoted.  Personnel  in  paygrades  E-E 
and  E-3  essentially  fill  the  same  jobs,  therefore  the  EG  ices 
not  regulate  the  promotions  to  E-3  other  than  :o  determine 
the  requirements  described  above.  The  oromotions  to  oavgraoe 
E-4  are  mainly  regulated  through  the  use  of  A-sctcc. 
(specialty  training  required  for  many  ratings)  quotas  and  tne 
service  wide  examination  for  the  small  portion  of  individuals 
who  "strike"  (qualify  through  equivalent  on-the-job 

training)  for  their  specialty.  All  qualified  "strikers"  are 
advanced  on  1  January  and  1  July.  These  two  methods  attempt 
to  keep  the  E-4  stocks  in  line  with  the  authorioeo  oiilets 
and  unfilled  vacancies  which  have  been  car-ied  ocwn  f*om  the 
upper  paygrades.  Figure  3.1  is  a  graph  of  the  number  of  the 
cumulative,  unfilled  vacancies  in  the  E-~  arc  aoo-.-e 

paygrades  during  the  period  October  1  Q6E  through  Eeccence^ 
1986.  Positive  numbers  indicate  vacancies  and  negative 
numbers  indicate  that  cumulative  stocks  exceed  billets.  It 
appears  that  the  process  of  carrying  the  vacancies  down 


varied  considerably. 


CUMULATIVE  UNFILLED  BILLETS  E-4  TO  E-9 


OCtgj  vLl8  ’  va'S  vASgS  „an86 

VCN’“ 


Figure  3.1  :  Cumulative  Unfilled  Billets 
3 .  Model 

Our  model  attempts  to  reflect  the  actual  process  used 
Oy  the  CG  to  determine  the  monthly  promotions  (  and 
consequently  the  promotion  rates1.  "he  ''o  1  lowing  equations 
were  developed  to  estimate  the  promotion  rates. 

a.  Promotion  rates  to  E-5  through  E-9 

In  order  to  a  t  t  emo  t  to  capture  the  previously 
described  promotion  process,  we  calculated  the  number  of 
vacancies  we  expect  to  fill  during  a  month.  This  will 
usually  be  less  than  the  anticipated  number  of  vacancies  that 
will  occur  because  for  most  paygrades,  we  expect  to  leave 
some  portion  of  the  vacancies  unfilled.  The  number  of 
promotions  is  then  calculated  as  described  previously. 


As  previously  mentioned*  historical  data  shows 
that  the  number  of  billets  in  paygrade  i  is  a  proportion  of 
the  total  force  strength.  "re-e^'ore.  the  following  parameter 
i s  def i ned : 

Pvr  =  the  rat.  2  o  *  : i  !  lets  in  paygrade  i  to  the 

tctai  *umoer  o*  oil  lets. 

This  parameter  is  estimated  as  the  ratio  of  the  1986  monthly 
axe^age  numcer  of  o t ..ets  in  pavgraoe  i  to  the  monthly 
average  of  the  rota.  "unoer  of  oillets.  we  oecided  to  limit 
the  data  to  the  nest  "scent  ear  to  minimize  the  upward  trend 
of  the  ratios  in  several  of  the  oavgrades. 

Next  define 

PCT ^ ( t )  =  the  percentage  of  the  billets  available  in 

paygrade  i  *or  wnich  we  expect  to  have  enough 

eligible  personnel  to  promote. 

'his  variable  attemocs  to  pasture  the  CG  ’  s  oreviously 

oescrioea  maoilitv  to  - . . 1  a*,  oillets.  This  variable  is  a 
function  of  time.  For  example*  in  January  and  July*  when  the 
"?w  lists  of  personnel  eligible  for  promotion  are  issued* 
tne^e  is  a  a.grimoart  .  n  cease  in  the  ability  to  fill 

/acancies  because  at  that  time  the  CG  may  promote  as  many 
Qualified  personnel  as  oossiole  to  fill  vacancies.  The 
PCT. (t)  values  were  estimated  as  three  year  averages  for 
1984  through  1986  for  each  month  t  and  each  paygrade  l. 


Nex  t ,  1 ntroduce 


N  (t)  =  Total  stock  on  the  last  day  of  month  t 
n  (t)  =  soock  of  oavgrade  i  on  the  last  day  of  month  t 


c  r  =  oromocion  rate  form  oavgrade  i  to 

111*. 

cav grace  .  -  . 

p  ^  ^  ,  t  is  esc.maoea  as  the  number  of  promotions  from 

pay graae  i  to  i  -  1  divined  by  the  stock  of  paygrade  i  at  the 

beginning  of  oe^ioa  t. 

The  number  of  promotions  is  calculated  as 

foil ows : 


1.  First  compute  the  projected  number  of  billets  in 
paygraoe  i  during  period  t  =  PYR  *  N(t) 

E.  Next,  comcuta  tne  projected  number  of  billets  in 
paygrace  :  mat  will  be  filled  during  period  t: 

PCT  .  ( t )  *  PYP.  *  N( t ) 

l  l 

3.  ’-toall/.  tre  projected  number  of  promotions  to 
pavgrace  .  during  period  c  t  —  1  . t  >  is  : 

n  (  t  j  =  DC~  t  *  -VP  *N  (  t )  +  n.  ,  (  t )  -  [n.  ( t- 1 ) *{ 1 -w.  ( t )  )  ] 

i-l,i  .  i  i,i+l  l  l 

i=5,t;,^,E,Q  t=i,E,...,12  [3.11 


It  is  possible  for  the  CG  to  shrink  in  total  strength  so 
that  equation  C3.ll  would  estimate  a  negative  number  of 
promotions  because  the  decline  in  the  estimated  number  of 
billets  exceeded  the  estimated  number  of  attritions. 


Accordingly,  we  reflect  CG  policy  by  modifying  our  estimate 
to  be  : 

n  ~  ( t )  =  ma  x  CO,  n.  ,  .  (  t  .  I 

i-l,i  i-l,i 

The  promotion  rate  is  then  estimated  by: 

p  ,  .  (  t  )  =  n~  .it)  fn.(t) 

i-l,i  1-1,1  l 

The  results  of  these  estimates  are  summarized  in  ~aD.e  2 . . a  . 
TABLE  3.7. a  PROMOTION  RATES  TO  E-5  THROLGH  E-9 


E-9 

m 

i 

w 

E-7  E-6 

-  ~- 

PYR 

.010 

.  0  1  6k 

.0896  .181 

•o- 

POT ( t )  1.0 

e  x  c 1 ud i ng 

JAN  and  JUL 

1 . 0 

.998  .34^ 

.386 

POT ( Jan ) 

1 .0 

1 . 0 

1.0  .960 

.900 

PC T ( Jul  ) 

1 .0 

1 .0 

1.0  .960 

.  900 

b 

.  Promotions 

to  paygrade  E-4 

These 

promo  t i ons 

are  directly 

tied 

to  the 

l nterna 1 

policy 

o  f 

A-schoo  1 

schedu 1 i ng  . 

~he 

'actors 

affecting 

this  po 1 

icy 

are  comp i 

icated  ana  the  o 

a  z  a 

seems  :o 

indicate 

that  the 

policy  varies  considerably. 

Our 

prop  o  sea 

est imate 

of  the 

E-4 

promotion  rates  is 

based 

on  the 

observation  that  there  is  a  large  increase  in  tre  o  r ; m  c  t ion 
rate  in  January  and  July  which  we  attributed  ertmel.-  to  me 
policy  of  promoting  all  "strikers"  from  the  new  acvar.cement 
list.  No  other  time  trends  were  observed  in  the  data.  A  one 
way  analysis  of  variance  testing  the  hypothesis  that  the 
monthly  promotion  rates  (1983  -  1986)  for  all  months  except 
January  and  July  are  equal  indicates  that  at  a  significance 
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level  of  a 


.05  we  cannot  reject  the  hypothesis  that  the 


rates  are  the  same.  See  Table  3.7.b.  Our  estimates  for  all 
months  except  January  and  July  will  be  the  average  of  the 
other  ten  months’  promotion  rates  for  1933  -  1936  (40 
observations).  An  examination  of  fne  nistoric  "striKer" 
promotions  did  not  reveal  any  signiricant  trends.  We  will 
estimate  January  and  July  promotion  rates  as  the  four  year 
average  of  the  respective  monthly  rates  T‘or  i®S3  through 
1936  . 


TABLE 

3 . 7 . b  ANOOA  PRQMCT 

ICN  PA^e  "3  E-4 

Source 

SS 

df 

MS  F-ratio 

Month  (except 
JAN , JUL ) 

.0037846 

9 

3.094E-4  .633 

Error 

.0146596 

30 

4.886E-4 

Total 

.017443 

39 

*3,4  (al1 

except  Jan , 

July)  = 

04  133 

P3,4(Jan) 

=.07338 

P3,4(JU1) 

=.09355 

c.  Promotions  to  paygrade  E-2 

Our  hypothesis  for  the  cremation  rate  to  E-3  is 
that  the  promotion  rates  are  the  same  for  each  month. 
However,  the  data  appeared  to  indicate  a  uniform  promotion 
rate  throughout  the  year  with  a  relatively  large  increase  in 
July.  We  could  not  determine  any  internal  (policy)  causes 
for  this  increase  but  we  suspect  it  is  somehow  related  to  the 
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processes  already  described  for  the  E-4  paygrade. 


A  one-way 


ANOVA  of  data  indicates  that  at  a  significance  level  of 
<x=.05»  we  cannot  reject  the  nvpotnesis  that  the  monthly 
promotion  rates  for  ai.  ncntns  except  July  are  the  same.  We 
estimate  the  E-3  oromction  -ates  as  the  average  of  the 
iistorie  montnlv  crorno~;on  -ates  "'or  all  months  except  Julv> 
over  the  years  1983-1 -  Sc.  Ju .  ,•  '  s  promotion  rate  is  estimated 
■_s  i  ng  a  four  year  average  :ver  t  me  same  years. See  Table  3 . 7  .  c 


-Mu'.-  —  ='=G^'8~:GN  PA~E  ~G  E-2 


Source  S  o 

Month  (except  .C0~l-32 

JUL) 

Error  .027220^- 


1*5  F ~ r  3  t  1  O 

7.193E-4  .872 

0 . 24862-4 


Total  .0344136  -3 

p_  _(all  except  Jan, July  =  .06756 

a  y  3 

p  _  _<  Jul  )  = . 1 1088 

6  ,  o 

d.  Promotions  to  cavgrade  E-2 

These  promotions  are  the  result  oh  successful 
ccmoletions  of  recruit  t-airinq.  we  felt  a  reasonable  model 
would  project  t~e  ~ u  m c  e  m  : "  o-omctees  oases  o  ^  2-1  accessions 
lagged  two  and  t  r  r  e  e  m  c  -  t  r  s  a.  nee  "ecru  it  training  is  6  weel-s 
in  duration.  we  examined  a  linear  regression  model  of  the 
form: 

n  _(t)  =  (3.  +  (5  r  (t-2)  +  (3  _  r  (t-3)  +  € 

i  f  c  U  1  1  cl 

We  found  that  the  number  of  recruits  lagged  three  months  wa s 


a  statistically  insignificant  carrier  variable  and  developed 
a  simple  linear  regression  model  using  only  number  of 
recruits  iaggeo  :wo  men  tins.  During  the  diagnostic  phase  of 
tne  regression  analysis  we  decided  to  exclude  four 
o  oser  /  a  z  i  o  ns  ■.  JAN83  -  UC782  »  DECS3  »  JUL86  )  as  probable  outliers 
among  our  -3  oo  sen  ■/ a  z  i  ons  .  our  results  acnieved  an  R-square 
value  of  .59.  «e  felt  these  results  were  favorable  in  light 
of  tne  proolems  we  nac  extrapolating  the  historic  promotions 
to  E-2  oesc'ioeo  .n  Ehaoter  II.  The  results  of  this  model 
are  Su-^marioeo  .  3  g  -  e  _i  .  .  d  ■ 

"ABLE  3  .  ~  .  C  -E3RESS I  DM  RESULTS  FOR  PROMOTION  TO  E-2 

,2  =  17.39 

0 

,2  =  .712428  (r  (  t-2)  ) 

R’-  =  .588 

-  .  E  _  m  r  a  ~  . 

/.e  wo  -  .  o  o  :  e  t~a  t  orometion  rates  estimated  by  these 
rretrecs  me,-  seer  .ow  wnen  compared  to  what  is  generally 
oercei.ee  o.  3  3-  '°rter  s  as  oromotion  rates.  Our  promotion 
rates  i  :r~  o  *  tne  entire  s  t  o  c  k  in  the  next  lower 

graoe.  e  ort'cticr.  -ates  are  normally  thought  of  in 

terms  o*  o '  t c t - t  .  o ' a  o*  tnose  eligible  for  promotion.  We 

na^e  p'e/ic,y;j  ,  described  the  lack  of  data  on  eligible 
personnel  that  prevented  us  from  using  this  latter 
definition.  The  difference  will  be  consistent  with  the  rest 


of  tne  model  to  be  developed. 


IV.  MANYEAR  CONSUMPTION  ALGORITHM 


Each  fiscal  year  (1  Qctobei - 30  September:  Congress 

specifies  two  personnel  growth  constraints  that  are  aertinenc 
to  the  forecasts  of  attrition  rates  and  force  strength,  'he 
CG  is  given  an  end  of  year  total  force  strength  target  ana  ;n 
annual  Full  Time  Equivalent  (FTE)  target.  The  FTE  target  is 
the  cumulative  monthly  manyear  consumption  for  a  *'iscal  vear. 
More  specifically)  the  FTE  (manyears)  consumed  in  i  ricntn  .5 
defined  as  1/12  of  the  average  of  the  beginning  of  month 
stock  and  the  end  of  month  stock.  The  purpose  of  the  rTE 
target  is  to  provide  some  external  control  of  the  growth 
during  a  year.  A  graphical  representation  of  the 
relationship  between  the  FTE  target  and  the  montnly  stocks 
should  clarify  the  purpose  of  this  constraint.  In  Figure 
4.1,  we  can  see  from  the  preceding  definition  that  the  FTE 
is  equal  to  twelve  times  the  area  bounded  bv  the  month  axis, 
the  stock  axis,  the  line  connecting  the  monthl/  stocxs  and  a 
vertical  line  at  the  end  of  the  year. 

The  algorithm  developed  in  this  section  will  -"orecast  the 
end  of  month  stocks,  N(t),  during  the  fiscal  /ear  that  will 
meet  both  the  end  of  year  stock  target  and  the  FTE  target. 
It  will  also  provide  a  solution  to  meet  these  targets  when 
the  starting  point  is  some  end  of  month  during  the  fiscal 
year,  i.e.  given  the  stocks  at  sometime  at  or  after  1  October 
it  will  provide  a  solution  for  the  remainder  of  the  year. 


MONTH 


Figure  4.1  :  FTE  =  IE  x  Shaded  Area  Jnaer  the  _ : ne 

An  initial  examination  of  the  problem  revealed  that 
without  additional  assumptions  and  constraints?  there  would 
be  a  large  number  of  solutions  to  any  realistic  set  of 
targets.  Therefore?  the  following  restrictions  were 

developed  by  examining  the  processes  that  influence  the 
current  decision  making: 

1.  The  change  from  the  beginning  of  the  year  to  the  end  of 
the  year  should  be  as  linear  as  oossible.  This  is 
justified  by  the  need  to  reduce  large  changes  to  the 
system.  Due  to  the  small  size  of  many  units?  paygrades? 
ratings?  etc.  in  the  CG?  a  large  monthly  change  in 
total  strength  could  have  an  adverse  effect  on  adequate 
manning  of  units.  Additionally?  a  large  change  in  the 
monthly  stock  would  imply  a  significant  change  of 
recruits  at  the  CG  training  center;  this  is 

undesirable?  especially  if  the  change  results  in  a 
large  influx  of  recruits. 


2.  The  number  of  recruits  are  fixed  at  low  levels  for 
December  (there  is  an  historic  inability  to  recruit  at 
higher  levels  pr-.or  to  tne  noliday  season)  and  June  ( 
the  CG  recruit  :ra.miq  center  is  used  primarily  for 
reserve  recruit  training  curing  the  summer  months). 
Using  historic  lata,  ar-ivea  at  an  upper  bound  of 

200  DecemDer  access. ons  ana  100  June  accessions)  unless 
the  CG  shrinks  ov  ncre  tnan  3500  during  a  year)  in 
wn  i  c.n  case  t  re  accessions  are  fixed  at  zero  ^o  r  both 
Decemoe’"  ano  June. 

2.  Given  the  aoove  -  es t r  .  ; 1 1 o ns ,  we  should  attempt  to 
preserve  linearity  *"or  the  longest  number  of  months 
possible.  We  assume  that  the  changes  occuring  during 
any  particular  month  are  linear. 

.  Historical  data  snows  recruiting  efforts  are  most 
successful  in  August.  Seotember  >  October  and  November. 
These  months  orovice  tne  most  flexibility  in  meeting 
quo  tas . 

A.  MODEL  DESCRIPTION 

The  orcoiem  of  * :r x.a'i'c  an  algorithm  to  determine  a 
-nicue  forecast  z*  tne  ena  o  '  ncnth  strengths  that  would  meet 
tne  restrictions  desc'itea  aoove  was  facilitated  by  examining 
a  graphical  representation  of  the  constraints. 

We  previously  mentioned  that  the  CG  prefers  to  change 
linearly.  Ideally)  the  monthly  forecasts  of  force  strength 
would  lie  on  a  line  connecting  the  1  October  stock  and  the 


Figure  *.3  :  Linear  Stock  Description 

following  year  '  s  20  Secteitber  stock  (Figure  4.2).  This 
solution  is  improbable  f'or  the  two  reasons  discussed  below. 

Firsti  we  have  previously  discussed  the  limitations  on 
accessions  for  December  and  June.  As  a  result,  accessions  are 
normally  less  than  attritions  and  so,  stocks  decline  during 
those  two  months.  Therefore,  in  the  months  of  December  and 
June,  we  see  a  decline  eouai  to  the  difference  between  the 
estimated  attritions  ana  the  fixed  number  of  accessions. 
Otherwise,  we  can  maintain  linearity  during  the  rest  of  the 
year.  The  resulting  monthly  stocks  lie  on  the  bold  line 
segments  in  -igure  -*.3. 

Secondly,  as  discussed  previously,  the  FTE  constraint  may 
require  the  00  to  change  more  toward  the  beginning  or, 
alternatively,  the  end  of  the  year  .  The  pure  linear  solution 
could  only  provide  an  FTE  equal  to  the  average  of  the  1  OCT 
and  30  SEP  stocks.  The  piecewise  linear  graph  we  have  just 
described  will  allow  us  the  flexibility  to  find  at  least  one 


Figure  4.3:  Piece-wise  S  t  o  c  -  lebi'  :;r 

one  solution  that  satisfies  any  FTE  constraint  jv  s1'.  .■’t  tr. e 
area  under  the  five  line  segments.  The  dasned  1 ; in 
Figure  4.3  demonstrate  and  example  of  a  larger  FTE  'greater 
area  under  the  line  segments)  and  alternatively  a  smaller 
FTE.  Specific  examples  may  clarify  the  changes  in  FTE  that 
are  possible  with  the  five  line  segment  description.  In 
Figures  4.4  through  4.6  we  are  looking  at  three  different 
five-piece  line  segments  that  connect  the  end  of  month  stoc* 
for  30  September  (31000)  with  the  30  September  stock 
(33000)of  the  following  year.  Figure  4.4  demonstrates  an  FTE 
that  is  the  average  of  the  beginning  and  ending  stocks.  'his 
would  encourage  the  CG  to  grow  in  a  linear  manner .  -igu^e 
4.5  demonstrates  an  FTE  that  is  closer  to  the  beginning 
strength  than  it  is  to  the  ending  strength.  We  can  see  that 
this  encourages  the  CG  to  grow  more  toward  the  end  of  the 
year  than  close  to  the  beginning.  Figure  4.6  demonstrates  an 


FTE  that  is  closer  to  the  ending  strength  than  it 


is  to  the 


a  unique  set  of  line  segments  that  concurrently  satisfy  the 
accession  restrictions  and  the  FTE  constraint,  i.e.  the  area 
under  the  1  me  segments  must  equal  twelve  times  FTE.  We  can 
subsequent!.  :esc'.:e  a  unique  equation  for  the  area  under 
the  line  segments  in  te^ms  of  the  monthly  stocks. 

we  can  tow  spec. flea! 1/  describe  tne  equation  of  each 
line  segment  in  me  general  form  y  =  m x  +■  o.  We  will 
initially  cescriqe  separately  each  line  segment.  Later  we 
will  tie  togeme--  me  'me  line  segments  tnrough  their  common 
Points.  ~  m  s  t  .  e  tesmioe  tne  slope  of  tne  31  DEC  -31  MAY 
line  segment  m  -e.ationsnio  to  tne  slope  o*  the  1  OCT  -  30 
SEP  line  tne  .peal  linear  case).  The  slope  of  the  1  0CT- 
30  SEP  ime  will  oe  :ai  led  DEu .  The  slope  of  the  31  DEC  -  31 
-AY  line  segment  will  be  described  by  the  multiplier  (A) 
times  DEu.  me  :m-3duc:;on  of  the  multiplier  A  and  the 
reference  to  tne  line  1  OCT  -  30  SEP  slope  (DEL)  will  be 
important  to  mcdi'i dat.qns  to  the  algorithm  described  later 
oecause  tne  DC-  m  ..  war-;  - p  marge  A  to  control  the  monthly 
rate  o’  change  i ~  stocks.  The  multiplier  A  will  allow  us  to 
cnarge  me  sloce  m  tne  31  DEC  -  31  h1  A Y  lire  segment  by 
mmeasmg  m  teem  asms  A  .  We  will  also  q  w  :  f  the  slope 
p  f  t  ~  e  31  -CD  -  3.  mu/  m  re  segment  is  more  or  less  steeo 
mar  me  s.doe  m  t  "■  e  .seal  1  CCT  —  30  Sep  temper  lme.  We 
know  that  0  A  ■  ct.  ana  thereforei  an  A  :>  1  increases  tne 
steepness  of  t n e  slope  and  an  A  <  l  deceases  tne  steepness 
of  the  slope. 
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In  order  to  describe  each  monthly  stock  in  Figure  4.3 


first  need  to  define  the  following  variables: 

Let  t  refer  to  the  end  of  the  month,  namely: 


t=0 

means 

30 

SEP 

t  =  7 

means  2C 

^FR 

* — 4 

II 

means 

31 

OCT 

t=a 

means  31 

VI  £V 

t=2 

means 

30 

NOV 

t  =9 

means  30 

J  ■  J  N 

t=3 

means 

3 1 

DEO 

o 

It 

4-> 

means  2 i 

^  i  j  L 

t  =4 

means 

31 

JAN 

t=l  1 

means  31 

— L’G 

t  =5 

means 

EG 

FEB 

t  =  1 E 

means  20 

t  =6 

means 

31 

MAR 

(  f  o  1  1  O  W  1 

m  rn 

1  4 

Further , 

FTE  =  The  manyear  consumption  soeci'isc 

N(t)  =  Total  strength  at  time  t 

N(0)  =  Total  initial  strength  (given, 

N(12)  =  30  September  Stock  (given),  i.e.  total 

end  year  strength 

WJ  =  1/(1-June  attrition  rate) 

WD  =  1 /( 1 -December  attrition  rate) 

RD  =  December  recruits,  fixed  as  described 
above 

RJ  =  June  recruits,  f lxed  as  cesc-icec  acc ve 


=  <  N  <  1  2  )  .  -  N(0)  )/lE  :  slope  o*  line 

segment  connecting  beginning  and  end i r 
stock.  The  algorithm  developed  in  th i 
section  requires  that  DEL  net  equal  0 
From  a  practical  standpoint,  : r i s  rears 
difference  between  tne  oec  inning  ir’i 
enqing  stc-ck  of  at  least  o  n  e  .  :;r 

practical  purposes,  this  w : . .  ,  e  - c 

effect  on  the  end  results. 

=  the  slope  multiplier 


Each  line  segment  in  Figure  4.3  is  now  described  in 
Table  4.1. 

TABLE  4.1:  STOCK  FORMULAS 


N  (  1  1  ) 

=  Mill) 

M  (  5  ’  =  V.  3  : 

>  —  3A*DEL 

M(  10) 

=  2N( 1 1 ) 

—  N  (  12  1 

M  ■:  4  =  '.t  <  3  ■ 

-  wA-+DEL 

N  (  9  ) 

=  3N(  1  1  ) 

-2N< 12 ) 

Mi  3  >  =  'U: 

-  3  A  *  C  E  L 

N  (  8  ) 

=  WJ*N(9 

) —  W  J *93 

hJ  (S'-  M  2  , 

■+■  D  ~  + 

N  (  7  ) 

=  N( 8 )  - 

A*DEL 

M '  1  =  . bN 

: >  - . sn ( a ) 

N  (  6  ) 

=  N( 3  )  - 

2A*DE_ 

We  next  formulate  the  equation  for  ire  area  under  the 
line  segments  and  solve  for  each  of  the  monthly  stocks.  This 
is  an  uncomplicated  but  tedious  procedure  because  of  the 
numerous  variables  so  we  will  solve  the  problem  in  three 
parts. 

1 .  Fart  1 

Part  1  is  a  solution  for  the  ncce.  starting  1  DC-. 
All  stocks  will  be  -e  fere  need  to  Aa  3;  -ubus  t  =::cn  N 1  1  >  . 
August  was  selected  to  simplify  the  solution  to  part  3  (me 

period  sciuticns1.  The  multiplier  4  _  s  e  c  in  this  cart  may  be 

modified  b  y  the  besides  of  the  33  to  -  a  q  u  1  a  "  a  : :  ~  e  riwt' 
rate.  we  will  provioe  a  default  solution  *  or  the  nulticlie* 
( A  >  in  part  2  . 

3  .  -Aa  r  t _ E 

Fart  2  is  a  solution  for  the  multiplier  A  to 

optimize  the  model.  Optimization  will  be  defined  as  the 
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least  squares  solution  which  minimizes  the  difference  between 


the  solution’s  stocks  (  as  shown  in  Figure  4.3)  and  stocks 
which  would  result  a  straignt  line  between  the  current 
month’s  stocks  ana  the  20  3EF  stoc:<  target. 

3 .  Part  3 

Part  3  is  a  solution  - c r  the  oroolem  starting  at  any 
ooint  in  the  year.  To rough  the  _se  of  binary  variables  and 
minor  modifications  to  the  assumptions  described  previously* 
we  tetin  our  -"precasts  some-.. me  after  1  GCT  and  will  project 
~ew  stocks  for  the  -  ema .  tae-  o'  the  /ear  to  meet  the  original 
tons  t  r  a i n  t  s . 


B.  SOLUTIONS 

1  .  Part  1  Full  V  e  a  r  f  c  c  e 1 

The  objective  mere  is  to  find  the  end  of  month 

strengths*  N  (  t  )  ,  for  all  t  =  1*2,.  ..*11  that  will  meet  the 

constraints  descrioeo  o  r  e  v  :  o u  s 1  /  in  this  chapter. 

The  f:rst  step  .5  to  Oesc'ibe  each  end  of  month 

stoCK  ,M(t),  *"rom  "at  e  -*  .  .  in  tsrTis  of  the  31  AUG  stock, 
N  (  1  1  )  ,  The  results  are  summarizes  in  Table  4.2. 

•4  e  x  t  ,  it  t't3r  to  sole  -'or  N  (  1  i  )  we  write  the 

a  o  -  a  t  ^or  the  a  _  a  a  _  —  o  e  ■'  t~e  line  sepments  as: 


24^ 


=  N 


i  .  - 


1  1 

■22  N  (  t  ) 


[4.  1  ] 


TABLE  4.2:  MODIFIED  STOCK  FORMULAS 


N( 1 1 )=  N ( 1 1 ) 

Mi  10 i =  2N ill) — N (12) 

MC3'  =  3N  (  i  1  )-2Ni  12) 

•N  (.  3  )  =  A)  J*  C  3M  (  1  1  >  -2N  (  1  2  )  -R  J  ] 

Mi"1’  =  c  N  (  i  2  )  —  n  J  3  -  A  *  D  E  L 

i\J  (  o  ■  =  «m  j  *■  L  u  N  (  11  )  —  2  N  (  12)-Rj3-2A*DEL 
N(5)  =  UJ*C3N ( 1 l ) -2N ( 12 ) -RJ3-3A*DEL 
M  i  -*  ;  -  1  1  )-2N(  12)-RJ3-4A*DEL 

'Hu.  =  «  „  l  u  N  (  11  -  sL  N  i  12)  —  R  u  3  —  5  A  *  D  E  L 
N  (  2  )  —  a)  J-^-ImD-*  _  3N  ill.  -2.N  (12)  -R  J  3  -  wD*C5A-*DEL  +  R  D  3 
N  (  1  )  =  .  5CN  (  0  /  -'aIJ+iajD*  C3N  (  1  1  ) -2N  (  12  )  -RJ]  -  WD*[5A*DEL  +  RD3) 

He  then  make  the  substitutions  in  [4.13  for  each  N(t) 
given  in  Table  u.2.  The  resulting  equation  is  then  expressed 
in  terms  of  N  (  111*  and  solved  for  N(ll)  to  obtain: 

MIL.-.  =  1  MUM  1  +  A*NUM2  3  r  DEN  [4.23 

where!  for  rotational  simplification, 

'MUM  1  =  u  ^  —  r  N  ■  M  ■'  :2.’*Co  +  2^UJ  +  6LiJj*-UD3-,-3[WD*RD  +  WJ*RJ*(WD  +  4)3 
NLM2=  1  o u E_  *  u  *"  m D  ano  D  EM  =  12‘t“RUJu'#'^4"**UJD) 

rr>e  remaining  'U  t  ;  s  are  solved  by  back  substituting  the 
- e  s  u 1 t  1^.23  for  r  1 1 1  1  )  into  Table  4.2. 


2 .  Part  2.  Determining  the  optimal  multiplier  (A). 

The  optimal  multiplier  A  is  defined  as  that  number 

which  provides  the  least  squares  solution  m 1 n 1 m i : i nq  the 

vertical  distance  between  the  projected  stocks  and  the  stocks 

lying  on  a  line  between  the  starting  stock  and  ending  stock. 

This  measure  of  effectiveness  was  sugqestea  pv  the  13 ' 5 

desire  to  remain  as  close  to  the  1  DCT  -  30  3E3  . .ne  as 

possible.  We  define  the  following  additional  variables: 

Let  P(t)  be  the  stock  for  month  t  lying  on  the  1 .ne 

segment  connecting  N(0)  and  NC12),  i.e. 

P(t)  =  IM  (  0  )  +  [  DEL*t  3  t=l,2,...,ll  I-.33 

Let  D(t)  be  the  derivative  with  respect  to  A  of  NCtJji.e. 

D  (  t )  =  <5'N(  t  ) 

S  A 

Then  from  Equation  C4.23  and  Table  4.2> 


D  (  1  1  ) 

— 

NUM2/DEN 

D(  10) 

= 

2*NUM2/DEN 

D  (  9  ) 

= 

3*NUM2/DEN 

D  ( 8 ) 

= 

3*NUM2*WJ/DEN 

D  <  7 ) 

= 

3*NUM2*WJ/DEN  -  DEL 

D(6) 

= 

3*NUM2*WJ/DEN  -2*DEL 

DCS) 

= 

3*NUM2*WJ/DEN  -3*DEL 

D  (  4  ) 

= 

3*NUM2*WJ/DEN  -4*DEL 

DC  3) 

= 

3*NUM2*WJ/DEN  -5*DEL 

DC  2  ) 

— 

3*NUM2*WJ*WD/DEN  -5*WD*DEL 

D  (  1  ) 


1 .5*NUM2*WJ*WD/DEN  -2.5*WD*DEL 


The  optimal  multiplier  A  was  defined  as  the  value  of 


A  which  minimized  the  sum  of  squares  of  the  vertical  distance 
between  N(t)  and  P(t).  We  can  solve  the  equation  "“suiting  by 
taking  the  first  derivative  of  the  sum  of  scuares  set  eaual 
to  zero  to  obtain  the  optimal  value  of  A: 

1  1  2 

S  £  <N(t)  -  P(t>>  =  0  14.53 

£  A  t  =  l 

Taking  the  derivative  with  respect  to  A  we  obtain: 

1  1 

2*  z  {  c  n  <  t )  -  p  ( t )  :  *  d  ( t .  :•  =  ;•  :  a  .  s : 

t  =  l 


Substituting  equations  [4.33,  C4.4]  ana  :ne  values  in 

Table  4.2  into  equation  [4.63,  we  can  solve  for  A. 


11 

I  D(t)*P(t)  +  [NUMA#K33  +  [NUMB*K1 ]  +  [N( 1 2 ) *K4  3  - [ ( NUM1 /DEN ) *K5 ] 
t  =  l 

[DENA*K33  +  [DENB*K1 3  +  [ ( NUM2/DEN ) *K53  -  DENC 


[4.73 


where  for  notational  simplification: 

K 1  =  D(2)+.5D( 1 ) 

K2  =  . 5N ( 0 ) *D  <  1  ) 

8 

K3  =  Z  D ( t ) 
t  =  3 


K4  =  D ( 10 ) +2D ( 9 ) 

K5  =  D ( 1 1 ) +2D ( 10 ) +3D ( 9 ) 

NUMA  =  WJ*[2*N( 12)+RJ-(3*NUM1/DEN) 3 

NUMB  =  WD*< [2WJ*N ( 12 ) 3+[WJ*RJ 3+RD-[ 3WJ*NUM1 /DEN] > 

DENA  =  3WJ*NUM2/DEN 

DENB  =  WD*[ (3WJ*NUM2/DEN>  -5DEL3 


DENC 


Z  ( B-t ) *DEL*D ( t ) 
t=3 


Taking  the  second  derivative  with  respect  to  A  of  equation 
[4.5]  to  see  if  our  solution  is  a  minimum  and  making  the  same 
sue  st  i  tut  i  ons  that  led  to  ecuati.cn  C  4 . 63  we  obtain 


where  we  have  defined 


±-1 2N  (  t  ) 


O  H 


[4.0] 


But  if  we  examine  tne  ~e 
tne  first  derivatives.  3 
value  of  t  and  therefore 
always  zero.  Equation  [ 


u.  :s  o  'r  eoua  uq ns  l  ^  •  h  3 
t  ,  are  not  functions  of 
tne  secona  derivatives  , 
.51  recuces  to 


we  see 
A  for 
D_  (  t  ) 

d 


that 

any 

are 


1  1 

I  [  N  (  t  / 
t=l 


1  1 

P <  t ) j 2  =  d*E  Dd( t ) 
t=l 


Therefore,  since  we  previously  stated  that  DEL  is  never  equal 
to  zero,  the  second  derivative  is  always  greater  than  zero. 
Therefore  our  solution  *or  the  optimal  multiplier  A  is  a 
minimum  of  the  least  squares  equation. 

3  .  Part  3,  3 a r  1 1  a  .  Lear  * □  d e  1 


The  essence  o"'  tne  solutions  to  the  various  cases  of 
the  partial  year  model  oescribed  below  is  the  binary  variable 
Z(t)  which  turns  the  months  prior  to  t  off  when  calculating 


the  partial  year  cases. 


The  following  variable  modifications  and  additions 


will  apply  to  all  cases  of  this  variation  of  the  model: 
k  =  starting  month  k=  1,2,...  12 

FTE  -  ~ne  annual  manvear  consumption  constraint 
~TE  =  the  manvears  left  to  consume  between 
nonth  k  and  the  end  of  the  year 

K 

=  -TE  -  Z  CN(t-l)  +  N(t)  1/24  C4.1.a3 

t=l 

The  binarv  montn  swircn  variable  is 

2  :3  -  .  1  for  t  >  k 

<  0  otherwise 

DEu  =  1 N  f  12) — N ( k ) 3  /  (12-k) 

The  points  on  tne  line  connecting  beginning  and  ending 
stocks,  N(k)  and  M  < 12)  ,  are 

P(t)  =  N(k)f  C ( t  -  k ) / ( 12  -  k)3*DEL  ,  t=k+l,...,12 

If  we  substitute  (  t  )  *■  N(t)  for  N(t)  in  equation  [4.1.a3> 

and  make  the  same  substitutions  we  made  to  arrive  at  equation 
[4.23  we  oo  t a i n : 

Nell)  =  •'  MUM  1  -  A*NUM2)/DEN  [  4 . 2  .  a  3 

where  we  now  redefine 

NLMi  =  24  "E  *  CWD* ( UJ *RJ+C2WJ*N (12)3  +RD >  *C2Z . ( 1 ) +Z , ( 2 ) 3  >  + 

{ C 4UJ*N (  12  ■  J>ZZ  ■  t  >  j-i  l  1-Z,  (1 )  ]*N(0)  >  +  {N(  12)*C2Z,  ( 10)+4Z.  <  9 )  - 1  ]} 

<  k  k  k 

t=  I 

B 

NUMB  =  2DEL  ♦(  2  [B-tjZ,U)}+  C5WD*DEL[2Z, ( 1 )+Z, (2) 3 ) 

,  _  k  k  k 


DEN  =  2+42,  ( 10 )  +62,  (9>+{6*WJ*Z  2,  ( t )  }  +  <3*WJ*UDC22,  ( 1 )  +2,  (2)]} 
k  k  t~3^  k  * 


An  examination  of  the  equations  and  graphical 
representation  in  Figure  4.3  reveals  that  there  are  three 
different  cases  possible  when  forecasting  stoc.<s  after  21 


0c  tober . 


a.  Eleven  month  case  (k=l) 

We  need  to  forecast  stocks  for  30  NQV  rnrauati 


30  SEP  using  31  October  data. 


This  case  wi.l  :e  an 


abbreviated  version  of  the  part  1  model  and  will  -'precast 
N(2)  through  N( 1 1 ) . 

The  optimal  multiplier  A  is  calculated  as  in  equation 
[4.5]  by ' subst i tut ing  D(t)*2^(t)  for  D(t). 

We  solve  equation  [4.2. a]  for  N(ll)  where  k=l  and,  by 
substituting  N(ll)  into  the  equations  in  Table  4.2  and 
finally  modifying  the  stocks  by  substituting 
N ( t )  =  N( t )*Z  ( t ) 

we  obtain  the  forecast  stocks  N(t>,  t=  2, 3, ...11. 

b.  Ten  month  through  five  month  case  (k  =  2,3....  ,7,' 

We  need  to  forecast  stocks  for  the  -emamder  of 


the  fiscal  year,  beginning  with  any  month  between  30  November 
and  30  April.  This  model  is  also  a  modification  of  the  part  1 
model.  The  difference  is  that  there  is  one  and  only  one  slope 
of  the  31  DEC  -  31  MAY  line  segment  that  allows  the  FTE 


N  (  9  ) 


l 1 -WJ ] N ( 8 )  +  RJ 


N ( 10 )  =  1  /  3  C  2N \ 9  -N ^ 12 ' 1 

N( 1 1 )  =  1 /3CN v  9 '  -=N(  12)1 

We  can  substitute  the  acove  equations  into  equation  [4.6]  and 
ao  i  /e  for  ~he  iTiuitioiier  4  .n  the  same  way  we  solved  equation 
i - . 7 ] .  The  result  is: 

/ 

24FTE  -3N( 12}-4RJ-N(0>-=' 11  Z  t ) -<-3-2WJ}*{N ( 0 ) -Z  ( 3 )  *[WD*N  (  0 ) -RD] ) ) 

k  _  _  ,  <  k 

4  =  - 

[2,  (4)*C13  "  :z.  ( 5 )  +C2 1  -  12  o/+C3Z  "  CZ  ;7)*l41  +  [(3-2WJ}*2,  (B)*C51 

[4.10] 

We  can  now  solve  for  N(t>  by  using  the  appropriate 
equations  described  anove  .  We  can  eliminate  months  prior  to 
the  current  month  k  by  modifying  the  forecasts,  using 
N(t)  *  Z^(t)  in  place  of  N  ( t  )  . 

c.  Four  month  through  one  month  case  <k=  8,9,10,11) 

We  need  to  "orecast  eno  of  month  stocks  beginning 
at  any  period  after  31  V’AY  .  Zee  Figure  4.11.  We  will  ignore 
the  FTE  constraint  in  this  portion  of  the  model.  Relaxing 
The  FTE  constrains  maxes  sense  because  at  this  late  date,  our 
"crecasts  will  have  little  imoact  on  policy  changes  that 
would  be  necessary  to  rna  k  e  significant  shifts  in  the  growth 
patterns.  A  method  to  include  FTE  is  discussed  in  Chapter  VI. 
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riQure  ■*.11  :  i-QLir  nonth  case 


This  case  :s  _ised  to  forecast  IM(k  +  l)  through  N(ll) 
where  k  =  Si9.l0.ll  .  The  solutions  are  simply  applications 


of 

the  general 

eq 

ua  t : o n  y  =  mx 

+  b ,  with 

hi  >.  4  ) 

= 

Nj  <  8  )  *  C  1  /  W  J  1  + 

RJ 

for 

03 

II 

X 

N  (  1  0  ) 

= 

C  2  /  3  3  *  N  (  9  )  + 

C l/3]+N( 12) 

for 

k  =  8 

or  9 

N  (  1  1  : 

= 

"  1 ,33*N(9)  + 

[ 2 / 3 1 *N ( 12) 

for 

7C 

II 

CO 

or  9 

m  ■  :  : 

= 

1 0  >  1  * 

[  .5*N< 12) ] 

for 

o 

II 

at 

C. 

EXAMPLES 

We  pr ev i ous 1 

v  jescr ibed 

the  output 

of 

our  model 

for 

u 

> 

i  ous  ~  cl  z 

z  n 

straints  in  Figures 

4 . 4 

through 

A 

-0 

Add i t i ona 1 1 y  * 

we 

can  see 

the  effect 

of 

chang l ng 

the 

multiplier  A  from  the  default  value  calculated  above. 

1 .  Growth  example 

In  Figure  4.12.  the  default  value  of  the  multiplier  A 
is  1.431.  In  Figure  4.13,  the  value  of  A  is  lowered  to  .75. 


This  causes  more  rapid  growth  at  the  beginning  of  the  year. 


start  «  ::cco  ao  -31  coo  rrz  -31500  a  -  ,'99  fAS?  -  izcco  -:nc  -5:  cog  -31500  a  = 

Figure  4.14  :  Default  A  Figure  4.15  :  Higher  A 

The  algorithm  will  alwavs  provide  a  solution  at  the 
beginning  of  the  year  when  FTE  >  0.  Clear ly 1  the  solution  may 
violate  other  constraints  such  as  the  upper  bound  on  monthly 
recruits  and  mid-year  calculations  may  not  have  a  feasible 
solution  to  the  FTE  constraint.  The  algorithm  will  provide 
feasible  solutions  to  historically  typical  data.  Other 
atypical  situations  and  possible  alterations  to  the  solution 
will  be  discussed  in  chapter  VI. 

Lastly?  it  is  possible  that  the  CG  would  want  to 
explore  the  effect  of  ignoring  the  FTE  constraint.  The  most 
practical  implementation  of  this  decision  would  be  to  use  the 
model  as  developed  and  input  an  FTE  constraint  that  is  the 
average  of  the  beginning  and  ending  stcc<.  The  effect  of 
this  FTE  would  be  to  approximate  a  straight  line. 


V.  MARKOV  TRANSITION  MODEL 

We  have  chosen  to  consolidate  the  personnel  movements 
described  in  Chapter  III  into  a  modified  Markov  transition 
model  as  described  bv  Bartholomew  and  Forbes  [Ref.  2:pp.  65- 

1001.  'h i 5  mocei  wa s  chosen  oecause  it  seemed  to  most 
closely  reflect  the  type  of  system  the  CG  has  and  for  which 
we  had  complete  data.  The  CG  has  a  hierarchical  paycrade 
structure  and  personnel  flows  consisting  solely  of  acces¬ 
sions.  atcritions  and  promotions  to  the  next  higher  pay grade 
[Ref.  2:pp.  85-673.  However,  the  following  mod i f i ca t i ons  to 
the  standard  Markov  transition  model  are  needed: 

1.  The  CG  personnel  flow  rates  are  non-homogenous  (they 
differ  from  month  to  month). 

2.  There  are  constraints  on  the  number  of  accessions  per 

month.  As  described  in  Chapter  IV,  December  and  June 
accessions  have  an  upper  bound  of  200  and  100  respec¬ 
tively,  and  a  lower  bound  of  zero.  The  remaining 

months  have  an  upper  bound  of  720  and  a  lower  bound  of 
1  mO  . 

3.  The  numoer  of  E-3  and  E— 9’s  is  limiced  bv  .aw  to  two 
percent  and  one  percent  of  the  total  force  strength 
respect i ve 1 y . 

4.  The  30  September  total  force  strengths  are  specified  . 

5.  The  rate  at  which  the  CG  changes  is  regulated  by  the 
man  year  consumption  constraint  (FTE)  set  by  law. 


These  modifications  ,  except  the  accession  limits  for  all 
months  other  than  December  and  June,  have  been  explicitly 
integrated  into  the  forecasts  of  personnel  flows  developed 
in  the  precea  mg  two  chapters: 

1.  The  personnel  flow  rates  discussed  in  Chapter  III  were 
developed  as  a  function  of  tne  time  of  year. 

2.  The  Decemoer  and  June  accession  constraints  were 
incorporated  into  the  total  force  projections  developed 
in  Chapter  IV. 

3.  The  E-3  anc  E-9  stock  constraints  were  incorporated 
into  the  promotion  rates  developed  in  Chapter  III 
through  the  use  of  the  PYR  variable. 

4.  The  30  September  stock  and  the  FTE  constraint  are 
incorporated  in  the  force  projections  developed  in 
Chapter  III. 

We  have  decided  not  to  explicitly  incorporate  the 
accession  limits  for  anv  months  except  December  and  June 
because  they  are  not  operative  when  the  system  is  within  its 
historically  typical  bounds.  In  Chapter  VI  we  will  describe 
a  metnGd  to  modify  the  model  in  circumstances  outside  of  the 
typical  tperat.ng  pounds. 

The  Markov  transition  model  states  that,  on  the  average 

[Ref.  2:pp.7-E],  the  stock  for  paygrar'e  i  at  the  end  of 

month  t,  is  eoual  to  the  number  of  paygrade  i  personnel 

staying  during  month  t,  [1  -  p  ,  ( t ) -  w .  (  t  )  1  *  n .  ( t - 1  )  , 

i,i+l  l  l 

plus  the  number  promoted  to  paygrade  i  from  paygrade  i-1 


during  the  same  month,  Cp.  ,  ,<t)  *  n.  (t-1)  ],  plus  the 

i-l,i  l-l 

accessions  into  paygrade  i  during  the  same  month,  r^(t). 

The  notation  used  in  the  Markov  transition  model  has  been 
developed  ana  described  previously.  It  is  repeated  here 

brief Iv: 

n  .  ;  t  '■  =  the  stock  of  payqraae  i  on  the  last  day  of  month  t 

p^  ^ + ^ ( t )  =  the  promotion  rate  from  paygrade  i  to 

paygrade  i+1  . 

w  .  t  >  =  the  attrition  rate  from  paygrade  i  during  month  t 

r.  t:  =  tne  number  of  accessions  to  pavqrade  i  during 

montn  t 

Therefore,  the  Markov  transition  model  results  in  the 
following  eouations  to  forecast  the  stock  of  paygrade  i  at 
the  end  of  month  t: 

n .  ( t )  =  n.(t-l)*Cl-p.  .  (t)-w.(t)]  +  n.(t-l)*p.  ,  ,(t)+  r.(t) 

i  i  i,i+l  l  l  i-l,i  l 

i=  2,3,4,5,6,70 

and 

V"  .  «■,««» 

n,U)  «  ry.t-n.tl  -  *  n9(l-l)»pSj9<t)  *-r9<t> 

Figure  5.1  is  an  example  of  the  results  of  our  '"cce. 
programmed  on  a  standard  spreadsheet.  This  e-a':  .• 
with  a  stock  of  29953  and  the  total  strength  th¬ 
at  the  end  of  the  fiscal  year.  The  ^  ~E  r.  ■  ■  •  • 

31000  (the  last  number  in  the  n - w  ,  . 
column  of  numbers  labeled  1  C ; t : co¬ 
ve  c  t  o  r  ,  n  (  0  )  .  The  t:  >  c  • 


recruitment  vector  and  the  total  stocks  were  calculated  as 
described  in  Chapters  III  and  IV.  Each  subsequent  month’s 
column  is  the  forecast  stocks*  n(t),  as  of  the  last  day  of 
the  month. 

PROJECTED  RESulT  FOR  FISCAL  YEAR  !53? 
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Figure  5.1:  Sample  Spreadsheet  Results 

Figure  5.2  is  another  example  where  total  strength  begins 
with  29953  and  then  shrinks  to  29000  at  the  end  of  the  fiscal 
year.  The  FTE  constraint  used  was  29500. 
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PROJECTED  RESULT  FOR  FISCAL  YEAR  1987 
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Figure  5.5:  Sample  Spreadsheet  Results 


VI-  MODEL  I MPLEMENT  ftT  I  ON 

A.  IMPLEMENTATION 

The  estimations  described  in  Chapter  III,  the  forecasts 
developed  in  Chapter  IV,  and  the  modified  Markov  model 
described  in  Chapter  V  were  merged  into  a  comprehensive 
Military  Employment  Capability  Plan  (MECP)  model  and 
programmed  on  a  computer  spreadsheet.  This  programming 
environment  was  chosen  because  it  is  widely  used  and  accepted 
in  the  Coast  Guard.  Additionally,  it  has  the  advantage  of 
allowing  direct  modification  of  most  of  the  model  parameters 
and  the  spreadsheet  formulas  directly  parallel  the  equations 
developed  in  the  previous  three  chapters,  allowing  easy 
ma i nta i nab i 1 i ty  of  the  model. 

The  MECP  model  is  deterministic  and  hinges  on  the  point 
estimates  of  the  attrition  rates,  promotion  rates  and 
expected  recruits  developed  in  Chapter  III.  Various 
assumptions  about  the  model  constraints  have  been  discussed 
in  the  previous  three  chapters.  Programming  in  a 

spreadsheet  allows  a  user  to  explicitly  change  constraints 
and  previously  calculated  values.  This  provides  an  easy 

method  to  analyze  the  effect  on  accession  needs  and  force 
structure  of  the  uncertainty  inherent  in  the  value  of  point 
estimates  and  our  assumptions.  In  short,  the  decision  maker 
I  can  utilize  the  model  to  explore  the  effect  of  several 


combinations  of  "what  if"  situations. 


The  purpose  of 


this  chapter  is  to  describe  the  major  effects  of  changing 


some  of  the  key  estimates?  constraints?  and  variables  on  the 
accession  and  force  structure  forecasts.  The  remaining 
discussion  in  this  chapter  will  focus  on  mod i f i c a t 1 ons  to  the 
model  in  lignt  of  the  spreadsheet  implementation.  dpoendix  D 
contains  specific  directions  for  use  of  the  MECP  model  and 
also  descrioes  the  detailed  entries  needed  to  obtain  the 
basic  results  of  the  model. 


B.  REASONS  TO  CHANGE  THE  MODEL  PARAMETERS 

There  are  '•'our  major  reasons  that.  temporary  cnanges  to 
the  model  parameters  may  be  considered. 

1 •  External  Policy  Changes 

The  legislated  constraints  (end  of  year  strength  and 
FTE)  may  change  during  the  year  as  programs  are  added  or 
deleted  from  the  CG  ’  s  missions.  Other  legislation  might 
indirectly  influence  the  model  parameters?  for  example?  a 
mandated  pay  "aise  without  additional  payroll  funding  might 
influence  the  rate  of  growth  during  the  year. 

2 .  Internal  Policy  Changes 

13  periodically  cnanges  internal  policies  with 
regaro  to  length  of  enlistments  and  contract  extensions? 
retirement  policies?  promotion  policies  and  the  shape  of  the 
force  pyramid.  The  exact  effect  of  some  of  these  changes  is 
frequently  unknown  due  to  a  lack  of  historical  data.  The 
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particular  policy  change)  for  example)  an  anticipated  ten 
percent  increase  in  attritions. 


3  .  I nf eas ibilities 

I nf eas i b 1 1 i t i es  can  be  observed  in  two  ways  in  the 
MECP  model .  First*  negative  recruits  and  negative  stocks  in 
paygrades  E-l  and  higher  are  possible  when  a  large  shrinkage 
is  called  for,  indicating  that  the  change  called  for  requires 
a  change  in  the  promotion  and/or  attrition  parameters. 
Secondly,  when  "ERR"  appears  in  one  or  more  cells,  this 
indicates  that  a  mathematical  solution  is  impossiole.  This 
condition  may  occur  in  a  full  year  model  if  the  FTE  is  less 
than  1/24  of  the  sum  of  N(0)  and  N(12>,  and  in  a  partial  year 

model  if  the  FTE  consumed  to  date  exceeds  the  FTE  constraint 

or  if  the  multiplier  A  specified  is  other  than  the 
calculated  value. 

4 .  Adverse  Results 

The  model  produces  good  results  when  the  change 

during  a  year  does  not  exceed  three  percent.  ZJhen  the 

changes  approach  ten  percent,  major  changes  in  the  attrition 
rates  and/or  promotion  rates  should  probably  be  made.  The 
need  *'or  chanqes  will  be  obvious  when  the  stocks  in  a 

particular  paygrade  (especially  E-4)  are  examined.  Thers  will 
usually  be  a  clear  upward  or  downward  trend  in  stocks  that 
will  be  unsatisfactory  in  the  context  of  the  rest  of  the 
model.  The  major  parameters  used  to  modify  the  results  are 
promotion  rates,  the  billet  pyramid  and  the  FTE  constraint. 
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C.  MAJOR  PARAMETERS  AFFECTING  THE  MECP  MODEL 


1  .  Attrition  Rates  . 

Increased  attrition  rates  may  be  needed  to  cope  with 
a  decrease  in  force  size  greater  than  five  percent.  Figure 
5.1. a  is  an  example  where  the  total  force  strength  declines 
•from  29Q53  to  25000  (16.5  percent).  The  negative  numbers  in 
the  recruit  row  indicate  an  infeasibility  (accessions  cannot 
be  negative).  The  negative  E-l  stocks  are  a  direct  result  of 
the  negative  accessions.  To  correct  this  problem,  we  recall 
from  Chapter  III  that  accessions  are  calculated  as: 

9 

R(t)  =  N(t)  -III-  W. ( t-1 ) :*n. ( t-1 ) 
i-1 

and  consequently  a  negative  R(t)  can  be  corrected  by 
increasing  a  combination  of  the  attrition  rates  ,  ( t ) . 

Figure  6.1.b  is  the  same  scenario  as  Figure  6.1. a, 
except  the  E-5  through  E-9  attrition  rates  have  been 
increased  15  percent,  the  E-l  through  E-4  attrition  rates 
have  been  increased  25  percent  and  the  promotion  rate  to  E-4 
has  been  decreased  30  percent.  The  modified  attritions  rates 
accommodate  the  large  shrinkage  called  for,  without  the  need 
for  negative  accessions. 

The  CG  may  increase  attrition  by  implementing  inter¬ 
nal  policies  such  as  allowing  discharges  prior  to  the  normal 
expiration  of  enlistment,  or  for  below  average  performers. 
The  MECP  model  may  give  an  idea  of  how  much  the  attrition 
needs  to  increase  to  achieve  the  desired  end  strength. 
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Personnel  policies  implemented  for  other  reasons  may 


also  increase  the  attrition  rate.  Examples  of  these  type  of 
policies  include  changes  in  the  length  of  contract 
extensions!  the  length  of  enlistments!  mandatory  retirement 
policies!  changes  in  recruit  training  policies  and  changes  in 
recruit  quality.  The  MECP  model  can  be  used  to  perform  a 
sensitivity  analysis  with  respect  to  a  particular  policy. 
For  example!  the  CG  may  be  able  to  determine  that  a  change  in 
contract  extensions  would  only  affect  the  attrition  of  E-4 
through  E-6  personnel.  The  MECP  model  allows  the  user  to 
examine  the  impact  of  changes  in  attrition  rates  in  those 
paygrades  on  the  entire  force  structure. 

Unlike  the  above  discussion  of  increased  attrition 
rates!  the  possibility  of  decreased  attrition  rates  is 
unpredictable.  Changes  in  policy  such  as  the  Selective 
Reenlistment  Bonus  program!  the  quality  of  recruits  accepted 
and  quality  of  life  programs  seek  to  decrease  attrition 
rates.  However!  as  discussed  in  Chapter  I  I  I >  it  is  dif¬ 
ficult  to  quantify  the  human  decision  making  process  to  leave 
the  service.  The  MECP  model  can  also  be  used  to  explore  the 
possiDie  effects  of  these  kind  of  policy  changes. 

2 .  Promotions 

Changes  to  the  promotion  rates  will  affect  both  the 


forecast  force  structure  and  the  accession  needs. 


a.  Paygrades  £-5  through  E-9 

The  MECP  model  utilizes  the  PVR.  and  PCT . ( t ) 

x  1 

parameters  to  estimate  the  E-5  through  E-9  promotion  rates. 
These  parameters  relate  to  CG  personnel  policy  and  can  be 
changed  to  directly  reflect  a  changing  force  structure.  The 
spreadsheet  model  allows  explicit  changes  to  these  variables. 

b.  Paygrade  E-4 

Promotions  to  paygrade  E-4  are  a  direct  reflec¬ 
tion  of  the  CG  A-school  (formal  training  required  to  advance 
to  E-4)  policy.  The  estimates  used  by  the  model  are  a  four 
year  average  and  we  have  determined  that  this  provides  the 
best  available  estimate.  However,  it  is  clear  that  much  more 
accurate  results  can  be  obtained  by  using  the  results  of  the 
A-school  model  as  input  to  the  MECP  model’s  E-4  promotion 
rates.  Conversely,  by  varying  the  E-4  promotion  rates  in  the 
MECP  model,  we  can  forecast  the  number  of  A-school  graduates 
that  will  be  needed  to  obtain  any  desired  level  of  E-4s  in 
any  month  . 

c.  Paygrade  E-l  through  E-3 

Promotions  to  paygrade  E-3  are  estimated  from  a 
*our  year  average  of  promotions.  In  Chapter  II,  we  discussed 
the  fact  that  this  historic  data  was  missing  and  we  were 
obliged  to  compute  the  "data”  using  the  balance  of  flow 
equation.  It  is  recommended  that  as  more  data  becomes 
available,  these  promotion  rates  be  updated  using  standard 
estimation  techniques.  It  appears  that  the  best 
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interpretation  of  the  results*  with  the  estimates  we  have*  is 
to  view  the  stocks  in  paygrades  E— 1  through  E-3  aggregated 
into  one  category.  This  is  how  the  CG  currently  views  these 
paygrades.  The  MECP  model*  however*  is  set  up  to  provide  a 
paygrade  breakdown  for  the  time  when  more  accurate  data 
becomes  available. 

3  •  Growth  Pattern 

In  Chapter  IV  we  described  our  assumptions  of  near 
linear  change  between  the  beginning  of  year  force  strength 
and  the  end  of  year  force  strength.  The  CG  may  want  to 
change  this  assumption  for  many  reasons. 

a.  Payroll  costs  would  be  minimized  by  encouraging  growth 
to  occur  at  the  end  of  the  year  or  shrinkage  to  occur 
at  the  beginning  of  the  year.  This  situation  might 
occur  if  the  CG  was  required  to  give  a  mandatory  pay 
raise  to  its  personnel*  but  was  not  provided  the  funds 
to  do  so  . 

b.  The  CG  normally  has  a  long  range  schedule  of  unit 
commissionings  and  decommissionings*  major  facility 
changes  and  personnel  needs.  It  may  be  desirable  for 
the  growth  pattern  to  approximate  the  anticipated 
personnel  needs. 

c.  Historically  typical  PTEs  lie  in  a  range  near  the 
average  of  N(0)  and  N(1E).  The  relative  size  of  that 
range  depends  on  the  difference  between  N<0)  and  N(12>. 
When  the  difference  is  small*  the  FTE  range  can  include 
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N<0)  and  N(12).  A  large  difference,  however,  typically 
results  in  a  FTE  range  close  to  the  average.  A  FTE 
constraint  which  is  outside  the  typical  range  might 
result  in  month  to  month  changes  in  force  strength  that 
wculo  be  unacceptable. 

d.  The  recruiting  needs  forecast  by  the  MECP  model  may  be 
unattainable  by  the  recruiters  or  they  may  exceed  the 
capacity  of  the  recruit  training  center. 

Any  of  these  situations  can  be  dealt  with  by  changing 
the  FTE  constraint  and/or  the  multiplier  A.  The  model  is 
extremely  sensitive  to  FTE.  Major  changes  in  this 

constraint,  especially  outside  the  previously  described 
typical  range,  will  cause  large  fluctuations  in  the  monthly 
stocks.  Since  the  FTE  constraint  and  multiplier  A  are  highly 
correlated,  it  will  be  necessary  to  experiment  with  various 
combinations  to  obtain  the  desired  results.  Figure  6.2  is  an 
example  of  the  growth  patterns  resulting  from  making  several 
changes  to  the  FTE  or  multiplier  A.  In  Figure  6. 2. a,  we  see 
the  default  solution  for  a  beginning  strength  of  29953, an 
ending  strength  of  31775,  an  FTE  of  30740  and  model’s  default 
multiplier  A  equal  to  1.535.  In  Figure  6.2.b  we  see  the 
solution  resulting  from  increasing  the  FTE  to  31550. 

In  Figure  6.2.C  we  see  the  solution  resulting  from 
decreasing  the  FTE  to  30250.  In  Figure  6.2.d.  we  see  the 
solution  resulting  form  increasing  the  multiplier  A  to  1.9. 
In  Figure  6.2.e  we  see  the  solution  resulting  from  decreasing 


TABLE  6.1: 

RECRUIT  FORECASTS 

Or ia i na 1 

FTE=3 1 550 

FTE=30S50  A  =  1 

the  multiplier  A  to  1.0.  The  impact  of  each  of  these  cases 
on  recruit  forecasts)  as  taken  from  the  recruit  forecast  line 
of  the  spreadsheet  output)  is  summarized  in  Table  4.1. 

Occasional ly )  the  CG  may  wish  to  ignore  the  FTE 
constraint  altogether.  An  FTE  equal  to  the  average  of  the 
beginning  and  ending  stock  will  result  in  a  growth  pattern 
that  is  as  close  to  linear  as  possible.  Alternatively)  the 
results  of  Chapter  IV  can  be  ignored  all  together . 

In  Chapter  IV,  we  assumed  that  we  would  ignore  the 
FTE  constraint  in  the  partial  year  case,  after  1  June.  Our 
previous  assumptions  state  that  once  the  31  MAY  stoc*  is 
known.  the  30  June  stock.  N(9),  can  be  estimated  directly 
because  the  attrition  rate  and  recruit  numbers  are  fixed.  It 
is  possible  to  meet  the  FTE  constraint  exactly  in  a  partial 
year  model  where  k  =  8  or  9  and  by  specifying  any  combination 
of  N(10)  and  N(ll)  which  satisfies  the  equation: 


FTE 


[  N ( 9 )  +N (12)  +2*N (10)  +  2*N (11)3 


E4 


9 


In  the  case  where  k  =  10  the  exact  FTE  is  met  for  the  value 
of  N(ll)  which  satisfies: 

FTE1q=  [ N ( 10)  +  N ( 12)  +  2*N (11)1  f  24 

In  summary,  it  may  not  be  possible  to  generate 
acceptable  solutions  and  heed  all  the  constraints  without 
making  some  modifications  to  the  MECP  model  parameters.  The 
MECP  model  allows  the  decision  maker  to  evaluate  the  effect 
of  relaxing  or  restricting  any  combination  of  the  parameters. 


VII.  SUMMARY  AND  CONCLUSIONS 


A.  SUMMARY 

In  this  thesis,  the  problem  of  forecasting  the  enlisted 
CG  monthly  accession  needs  and  force  structure  is  solved  by 
using  a  modified  Markov  transition  model  to  integrate 
estimations  of  the  pertinent  personnel  flows  into  a 
comprehensive  MECP  model. 

The  monthly  attrition  rates  for  each  paygrade  are 
estimated  with  an  econometric  regression  model.  The 
promotion  rates  to  paygrades  E-5  through  E-9  are  estimated 
through  the  use  of  a  model  which  approximates  the  CG 
promotion  process.  Promotions  to  paygrades  E-2  through  E-4 
are  estimated  from  historic  data.  The  monthly  stocks  are 
systematically  calculated  to  meet  a  man  year  consumption 
constraint.  Accessions  are  calculated  from  the  balance  of 
f low  equat ion. 

The  model  is  implemented  on  a  spreadsheet  and  allows  the 
decision  maker  to  examine  the  possible  effects  of  various 
policy  changes  on  the  model  results. 

B.  VALIDATION  OF  THE  MODEL 

The  availability  of  complete  data  for  the  first  eight 
months  of  FYB7  (1  OCT  -  31  MAY)  allowed  us  to  assess  the 
reliability  of  the  MECP  model  over  a  short  period  of  time.  A 
statistical  comparison  is  inappropriate  because  the  actual 


data  reflects  numerous  changes  to  policy  and  goals. 


We  will 


attempt  to  show  that  the  MECP  model  forecast  for  FY87 
favorably  compares  with  the  actual  data. 

1 •  MECP  Model  Forecast 

The  1987  forecast  began  with  1  October  stocks  (  see 
Figure  7.1)  and  economic  data  available  on  1  October.  The 
major  parameters  are: 

a.  Starting  stock  =  29953 

b.  Ending  stock  target  =  31775 

c.  FTE  constraint  =  30740 

The  attrition  rates  were  calculated  from  forecast  economic 
data  that  was  available  prior  to  1  OCT  B6. 

The  model  results  initially  showed  a  significant 
decline  in  E-4  stocks.  As  previously  discussed  in  Chapter 
VI,  in  a  situation  of  significant  growth  (5.9  percent  in  this 
case)  we  expect  to  have  to  adjust  some  of  the  model 
parameters.  We  increased  the  E-4  promotion  rate  from  .04133 
to  .05.  Figure  7.1  is  the  resulting  forecast  for  FY87  based 
on  data  available  prior  to  1  OCT  86.  The  actual  stocks  and 
recruits  for  1  OCT  86  through  31  MAY  87  are  listed  in  Figure 
7.2. 

2 .  Comparison  of  Forecast  Results  and  Actual  Stocks  . 

We  can  assess  the  reliability  of  our  forecast  by 
comparing  plots  of  the  forecasts  and  the  actual  values  over 
time. 
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Attrition  Rates 


a . 

The  attrition  rate  forecasts  drive  most  of  the 
other  model  forecasts  and  are  considered  first.  In  Figure 
7.3,  we  see  a  good  forecast  of  attrition  rates  for  paygrades 
E-4  through  E-6.  The  results  for  paygrades  E-8  and  E-9  are 
mixed,  however,  it  should  be  noted  that  the  largest 
discrepancy  for  E9  attritions  (OCT  86)  translates  to  an  error 
of  four  people;  likewise,  the  largest  discrepancy  for  EB 
attritions  (FEB  87)  translates  to  an  error  of  two  people. 

In  paygrade  E-7,  the  estimates  are  consistently  low.  However, 
due  to  the  low  attrition  rates,  underestimation  averages  less 
than  six  people  each  month  (  out  of  a  stock  of  about  2800). 
The  trends  for  the  paygrades  E-l  through  E-3  look  good  but 
paygrades  E-2  and  E-3  are  overestimated,  while  paygrade  E-l 
is  underestimated.  In  Figure  7.4,  the  aggregate  attrition 
rate  is  consistently  underestimated,  probably  due  to  the 
influence  of  the  E-l  paygrade.  We  suspect  that  the  E-2  and 
E-3  attrition  rates  are  overestimated  due  to  the  method  of 
"computing"  the  data  discussed  in  Chapter  II.  We  suspect 
that  the  E-l  attritions  are  underestimated  due  to  the 
adjustment  made  to  account  for  a  recruit  training  policy 
change  discussed  in  Chapter  II.  The  problems  noted  might 
suggest  a  need  to  at  least  temporarily  adjust  the  model’s 
attrition  rates  if  there  is  evidence  to  suggest  that  the 
trends  noted  are  consistent  with  future  expectations.  Such 
results  are  not  unusual  in  econometric  regression  models  and 
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Figure  7.4:  Total  attrition  Rates 
emphasize  the  need  to  routinely  reevaluate  the  underlying 
regression  model  used  to  forecast  the  attrition  rates, 
b.  Promotion  rates 

The  MECP  model's  estimated  promotion  rates  for 
paygrades  E-5  through  E-9  are  compared  to  the  actual 
promotion  rates  in  Figure  7.5  (actual  data  for  promotees  to 
paygrades  E-2  through  E-4  was  not  available).  Ule  see  that 
the  most  accurate  estimate  is  that  of  the  promotion  rate  to 
paygrade  E-5.  The  promotion  rates  to  paygrades  E-8  and  E-Q 
are  fair  estimates  except  that  for  some  months  the  forecasts 
are  somewhat  high  and  for  others  they  are  somewhat  low.  The 
estimates  for  most  of  this  period  seem  to  be  too  low  for 
paygrades  E-fa  and  E-7.  The  underestimation  of  paygrade  E-7 
is  directly  due  to  the  previously  mentioned  underestimation 
of  the  E-7  attrition  rates.  The  underestimation  of  paygrade 


E-6  is  not  easily  explained,  however,  looking  ahead  to  Figure 


7.7  (stocks)  we  can  see  a  large  spike  in  E-6  stocks, 
indicating  the  possibility  of  an  isolated  policy  change.  A 
careful  examination  of  the  data  indicates  that  the  1  OCT,  E-6 
stocx  was  larger  than  the  historic  percentage  of  total  frrce 
strengtn  (PvR  parameter).  The  model  shut  off  promotions 

until  the  correct  pyramid  structure  was  restored.  This  is 
normally  now  the  CG  operates.  For  some  reason  this  policy 
aeens  to  ~ave  oeen  temporarily  changed,  however  we  are 
=•'■  c :  u"  aged  in  that  as  the  year  progresses,  the  actual  and 
'"precast  stocks  seem  to  be  converging . 
c .  Recru  i  ts 

Figure  7.6  indicates  that  the  forecast  accessions 
reflected  the  actual  accessions  reasonably  well.  The  CG 
reduced  the  target  end  strength  from  31775  to  31375  in  JAN  87 


and 

since 

the 

forecasts 

were  based 

only 

on  i nf  or  ma t i on 

a  /  a  i 

ladle  p  r 

l  or 

to  1  OCT 

86,  we  would 

expect 

the  accession 

estimates  for  the  months  after  31  JAN  87  to  be  somewhat 
high,  as  reflected  in  Figure  7.6. 
d .  Stocks 

The  comparison  of  stocks  seen  in  Figure  7.7 
indicates  reasonably  good  forecasts  for  paygrades  E-7 
through  E-9  and  E-5 .  The  significant  difference  in  paygrade 


E-6  suggests  a  change  in  the  billet  structure  that  is  not 


RECRUITS 


Figure  7.6:  Accessions 

reflected  in  the  MECP  model.  The  sharp  decline  in  E-4  stocks 
that  is  also  not  reflected  by  the  forecasts  is  due  to  the  E-4 
promotion  adjustment.  previously  mentioned,  made  to  account 
for  the  significant  growth  anticipated  in  this  scenario.  In 
reality,  such  an  adjustment  was  not  made  until  later  in  the 
year  as  seen  by  the  upturn  in  actual  stocks  after  MAR  87. 
This  is  a  good  example  of  how  the  MECP  model  can  provide 
input  to  the  A-school  model.  The  increase  in  the  E-4 

promotion  rate  from  .041  to  .05  suggests  that  in  order  to 
maintain  the  E stocks  in  the  growth  scenario  we  are 
examining,  it  would  be  necessary  for  the  CG  to  increase  the 


number  of  A-school  graduates.  In  summary,  the  total  stock 
comparison  in  Figure  7.8  is  as  favorable  as  can  be  expected. 


C.  CONCLUSIONS  AND  RECOMMENDATIONS 

We  conclude  that  the  MECP  forecasts  seem  to  reliably 
reflect  the  actual  data  for  the  eight  month  period  examined. 
The  important  discrepancies  are  explained  in  terms  of 
parameters  included  in  the  MECP  model  which  would  have  been 
adjusted  in  the  regular  use  of  the  model. 
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Figure  7.8:  Total  Stocks 

The  continued  collection  of  pertinent  personnel  data, 
especially  as  data  becomes  available  during  more  turbulent 
economic  environments,  could  provide  more  accurate  estimates 
of  the  personnel  flows,  especia. ly ,  attrition  rates  and 
promotion  rates  tq  payqrades  E-S  through  E-4 .  Add  1 1 1 ona 1 1 y , 
the  model  might  be  modified  in  the  future  to  allow  for  the 
optional  specification  of  fixed  recruit  levels. 

The  MECP  model  seems  to  provide  satisfactory  forecasts  of 
monthly  accession  needs  and  force  structure.  Add l t i ona 1 1 y , 
it  has  the  potential  to  provide  valuable  input  into  other  CG 
personnel  models  such  as  the  A-school  and  SRB  models.  The 
MECP  model  is  easily  modified  to  reflect  changing  personnel 
policies  and  economic  conditions  in  its  forecasts,  providing 
the  decision  maker  with  the  opportunity  to  explore  the 
possible  effects  of  a  variety  of  different  situations. 
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APPENDIX  A 


DATA  UTILIZED  IN  THIS  STUDY 


Data  is  modified  as  described  in  Chapter  II. 

ACCESSIONS 


Source 

)  • 

Office  of 

Military  Recruiting 

(  PMR  ) 

Month 

E-6 

E-5 

E-4 

E-3 

Ol 

i 

LlI 

E-l 

Total 

OCT 

80 

9 

14 

9 

9 

17 

542 

600 

NOV 

80 

6 

a 

9 

6 

21 

501 

551 

DEC 

80 

1 

23 

19 

23 

6 

97 

179 

JAN 

81 

2 

13 

10 

5 

30 

678 

748 

FEB 

81 

9 

21 

12 

1  1 

25 

574 

652 

MAR 

81 

1 

9 

3 

4 

19 

381 

427 

APR 

81 

6 

22 

8 

3 

18 

317 

374 

MAY 

81 

9 

18 

3 

8 

22 

314 

374 

JUN 

81 

4 

7 

3 

4 

7 

227 

252 

JUL 

81 

2 

8 

1 

7 

10 

225 

253 

AUG 

81 

7 

14 

2 

2 

6 

237 

268 

SEP 

81 

0 

19 

7 

8 

15 

391 

450 

OCT 

81 

0 

19 

9 

6 

18 

388 

450 

NOV 

81 

7 

33 

9 

6 

20 

376 

451 

DEC 

81 

5 

18 

5 

14 

18 

100 

160 

JAN 

82 

2 

7 

3 

9 

5 

424 

450 

FEB 

82 

2 

1 

1 

1 

5 

441 

451 

MAR 

82 

0 

0 

0 

0 

1 

450 

451 

APR 

82 

0 

0 

0 

0 

0 

419 

419 

MAY 

82 

0 

0 

0 

0 

0 

361 

361 

JUN 

82 

0 

0 

0 

0 

0 

220 

220 

JUL 

82 

0 

5 

2 

7 

0 

360 

374 

AUG 

82 

3 

3 

2 

9 

5 

345 

367 

SEP 

82 

0 

5 

3 

12 

10 

332 

362 

OCT 

82 

2 

6 

1 

8 

30 

425 

472 

NOV 

32 

1 

0 

2 

16 

28 

421 

468 

DEC 

82 

0 

3 

1 

35 

25 

313 

377 

JAN 

83 

3 

5 

0 

34 

53 

489 

584 

FEB 

83 

4 

15 

1 

24 

57 

366 

467 

MAR 

83 

5 

3 

4 

33 

73 

413 

531 

APR 

83 

2 

6 

2 

24 

85 

452 

571 

MAY 

83 

3 

4 

1 

31 

82 

548 

669 

JUN 

83 

2 

4 

2 

14 

59 

102 

183 

JUL 

83 

2 

14 

5 

15 

66 

483 

585 

AUG 

83 

3 

9 

3 

1  1 

79 

697 

802 

SEP 

83 

4 

14 

0 

13 

67 

531 

629 

OCT 

83 

1 

6 

0 

19 

63 

487 

576 

1E1 


Quota 

600 
550 
131 
750 
650 
425 
375 
375 
250 
250 
267 
450 
450 
450 
150 
450 
450 
450 
420 
360 
220 
356 
356 
354 
465 
465 
2B0 
573 
436 
465 
521 
61  1 
101 
510 
740 
580 
597 


Month 

E^6 

E-5 

E-4 

E-3 

E-2 

E-l 

Total 

Duo  t 

NOV  83 

2 

4 

0 

12 

63 

359 

440 

476 

DEC  83 

3 

8 

2 

14 

45 

130 

202 

225 

JAN  84 

1 

6 

0 

2 

51 

360 

^20 

423 

FEB  84 

3 

4 

2 

1  1 

48 

232 

300 

300 

MAR  84 

2 

1  1 

2 

10 

62 

287 

374 

377 

APR  84 

4 

9 

1 

13 

53 

351 

431 

450 

MAY  84 

3 

12 

1 

16 

48 

297 

377 

385 

JUN  84 

2 

•7 

6 

7 

36 

21 

79 

12 

JUL  84 

1 

7 

6 

5 

21 

332 

372 

379 

AUG  84 

1 

5 

4 

3 

8 

183 

204 

208 

SEP  84 

3 

4 

1 

3 

10 

140 

161 

165 

OCT  84 

3 

4 

1  1 

13 

45 

391 

467 

470 

NOV  84 

3 

8 

16 

15 

58 

367 

467 

470 

DEC  84 

4 

16 

1  1 

15 

36 

222 

304 

290 

JAN  85 

3 

8 

25 

13 

79 

417 

545 

576 

FEB  85 

4 

1  1 

16 

24 

58 

315 

428 

485 

MAR  85 

3 

25 

7 

1  1 

68 

261 

375 

485 

APR  85 

4 

19 

17 

14 

52 

261 

367 

483 

MAY  85 

2 

20 

23 

17 

61 

237 

360 

345 

JUN  85 

0 

3 

4 

1 

0 

17 

25 

0 

JUL  85 

3 

18 

17 

1  1 

42 

345 

436 

400 

AUG  85 

2 

6 

15 

1  1 

41 

360 

435 

388 

SEP  85 

2 

9 

6 

12 

51 

388 

468 

362 

OCT  85 

1 

16 

16 

1  1 

54 

382 

480 

485 

NOV  85 

3 

5 

4 

6 

38 

222 

278 

308 

DEC  85 

0 

0 

0 

0 

2 

51 

53 

70 

JAN  86 

0 

0 

0 

9 

7 

212 

228 

225 

FEB  86 

0 

0 

0 

25 

45 

270 

340 

380 

MAR  86 

0 

0 

0 

1  1 

50 

281 

342 

418 

APR  86 

0 

0 

0 

9 

63 

258 

330 

458 

MAY  86 

0 

0 

0 

14 

51 

265 

330 

466 

JUN  86 

0 

0 

0 

10 

7 

87 

104 

0 

JUL  86 

0 

0 

0 

26 

78 

425 

529 

570 

AUG  86 

0 

0 

0 

7 

8 

126 

141 

206 

SEP  86 

0 

2 

0 

20 

67 

527 

616 

564 

I 


I 
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STOCKS 

Source:  CONNSTAT  Report 


E-3 

E-7 

E-6 

E-5 

E-4 

E-3 

E-2 

—  1 

OCT 

¥2 

315 

h74 

2630 

5014 

5086 

8125 

4410 

A  1  1  1 

746 

NOV 

32 

307 

462 

2596 

4999 

5038 

8143 

4509 

4  111 

322 

DEC 

82 

305 

470 

2618 

4984 

5020 

8095 

4597 

4117 

765 

JAN 

83 

307 

4o3 

2618 

4975 

4983 

8126 

4701 

4299 

667 

FEB 

83 

301 

4o2 

2601 

4975 

4941 

8132 

4868 

4295 

767 

NAR 

33 

31? 

49  1 

26o3 

5105 

5234 

7470 

4890 

4325 

764 

APR 

83 

324 

4?2 

2640 

5101 

5252 

7393 

5097 

4375 

872 

NAY 

83 

323 

h92 

2645 

5144 

5281 

7265 

5219 

4502 

867 

JUN 

33 

324 

488 

2643 

5167 

5192 

7260 

5332 

4540 

891 

JUL 

83 

319 

485 

2644 

5165 

5144 

7247 

5438 

4721 

717 

AUG 

S3 

317 

491 

2700 

5234 

5294 

6952 

5473 

4865 

727 

BE? 

33 

3 1  "7 

432 

2670 

5204 

5259 

6759 

5595 

4-755 

1052 

OCT 

a  a 

3 1 0 

503 

2647 

5159 

5214 

6701 

5699 

5004 

1131 

NOV 

33 

313 

503 

2633 

5149 

5173 

6793 

5580 

5  147 

1012 

DEC 

33 

313 

505 

2668 

5130 

5117 

7003 

5479 

5348 

826 

JAN 

84 

314 

507 

2663 

5162 

5087 

7261 

5389 

5378 

634 

FEB 

84 

319 

509 

2689 

5231 

5354 

6966 

5368 

5313 

596 

MAR 

84 

318 

51  1 

2691 

5190 

5317 

6959 

5502 

5119 

646 

APR 

84 

324 

503 

2684 

5200 

5283 

7136 

5520 

4952 

658 

NAY 

84 

329 

505 

2695 

5208 

5240 

7174 

5632 

48 1  0 

657 

JUN 

84 

327 

509 

2707 

5213 

5163 

7307 

5812 

4574 

728- 

JUL 

84 

327 

510 

2709 

5195 

511  1 

7534 

5740 

4416 

434 

AUG 

84 

326 

514 

2743 

5295 

5440 

7234 

5568 

4330 

447 

SEP 

84 

325 

519 

2742 

5297 

5357 

7170 

5515 

4037 

526 

OCT 

84 

314 

509 

2723 

5267 

5249 

72B6 

5518 

3937 

346 

NOV 

84 

313 

513 

2724 

5263 

5193 

7313 

5619 

3710 

524 

DEC 

84 

316 

515 

2717 

5250 

5104 

7399 

5599 

3600 

636 

JAN 

35 

315 

516 

2712 

5245 

5096 

7556 

5598 

3700 

513 

FEB 

85 

316 

516 

2719 

5392 

5482 

7112 

5434 

3736 

606 

NAR 

35 

317 

520 

2736 

5353 

5483 

7176 

5411 

3629 

734 

APR 

85 

312 

522 

2726 

5351 

5475 

7393 

5273 

3723 

574 

NAY 

85 

317 

524 

2719 

5344 

5455 

7475 

5272 

3696 

493 

JUN 

85 

312 

521 

2731 

5342 

5404 

7740 

5120 

3676 

421 

JUL 

85 

313 

510 

2724 

5340 

5303 

7831 

5037 

3548 

276 

AUG 

85 

314 

513 

2751 

5444 

5646 

7772 

4676 

3455 

466 

SEP 

35 

3CQ 

508 

2750 

5399 

5660 

7820 

4665 

3352 

617 

OCT 

35 

309 

50° 

2754 

5369 

5590 

7884 

4642 

3310 

720 

NCV 

35 

308 

512 

2786 

5359 

5530 

7988 

4602 

3317 

762 

DEC 

85 

31  1 

51  1 

2758 

5363 

5488 

8156 

4516 

3362 

511 

JAN 

86 

305 

506 

2753 

5344 

5468 

8258 

4484 

3390 

294 

FEB 

86 

307 

504 

2749 

5395 

5596 

8066 

4407 

3296 

287 

NAR 

86 

303 

509 

2761 

5392 

5596 

7994 

4415 

3138 

464 

APR 

86 

300 

512 

2752 

5391 

5570 

8036 

4383 

3039 

519 

NAY 

86 

298 

512 

2727 

5389 

5527 

8022 

4418 

2995 

513 

JUN 

86 

31  1 

525 

2775 

5357 

5421 

8007 

4359 

3017 

488 

JUL 

86 

301 

514 

2755 

5424 

5644 

7742 

4052 

2963 

31  1 

AUG 

86 

301 

51  1 

2733 

5460 

5577 

7594 

4132 

2892 

530 

SEP 

86 

306 

51  1 

2755 

5446 

5509 

7513 

4204 

2792 

702 

1  S3 


BILLETS 

Source:  COMMSTAT  Report 


Month 

E-9 

E-8 

E-7 

E-6 

E-5 

E-4 

E-3 

E-S 

E-l 

OCT 

SE 

3E9 

485 

2644 

5489 

6618 

6346 

5382 

3179 

820 

NOV 

BE 

3S9 

485 

2647 

5492 

6615 

6346 

5379 

3179 

820 

DEC 

BE 

3S9 

488 

2650 

5511 

6565 

6355 

5388 

3186 

820 

JAN 

83 

3S9 

488 

2650 

5520 

6656 

6362 

5385 

3182 

820 

FEB 

83 

331 

491 

2667 

5582 

6948 

6407 

5410 

3203 

820 

MAR 

83 

331 

491 

2670 

5588 

6939 

6413 

5403 

3204 

820 

APR 

S3 

331 

491 

2663 

5563 

6333 

6356 

5413 

3191 

820 

MAY 

33 

328 

*94 

2670 

5575 

6334 

6359 

5403 

3191 

820 

JUN 

83 

3E8 

497 

2679 

5572 

6326 

6372 

5407 

3191 

820 

JUL 

83 

328 

500 

2676 

5589 

6339 

6389 

5403 

3188 

820 

AUG 

93 

327 

506 

2685 

5596 

6379 

6952 

5393 

3192 

820 

SEP 

S3 

325 

502 

2671 

5576 

6105 

6754 

5221 

3361 

820 

OCT 

83 

325 

502 

2669 

5580 

6105 

6756 

5387 

3195 

8E0 

NOV 

33 

319 

507 

2668 

5609 

6132 

6783 

54 1  o 

3209 

820 

DEC 

83 

317 

510 

2690 

5590 

61  16 

6739 

5372 

3183 

820 

JAN 

84 

313 

507 

2689 

5604 

6128 

6750 

5380 

3178 

820 

FEB 

84 

320 

509 

2701 

5624 

6166 

6686 

5415 

3216 

820 

MAR 

84 

320 

51  1 

2701 

5625 

6165 

66B7 

5414 

3216 

820 

APR 

84 

319 

513 

2712 

5636 

6180 

6701 

5414 

3216 

820 

MAY 

84 

320 

509 

2703 

5609 

6124 

6642 

5370 

3186 

820 

JUN 

84 

320 

512 

2714 

5632 

6137 

6670 

5436 

3209 

820 

JUL 

84 

317 

518 

2727 

5632 

6125 

6664 

5392 

3200 

820 

AUG 

84 

316 

518 

2727 

5626 

6118 

6663 

5393 

3198 

820 

SEP 

84 

317 

518 

2732 

5638 

6125 

6682 

5401 

3206 

820 

OCT 

84 

316 

516 

2726 

5624 

6125 

6671 

5382 

3197 

820 

NOV 

84 

317 

517 

2728 

5624 

6121 

6669 

5382 

3197 

820 

DEC 

84 

318 

515 

2728 

5636 

6132 

6678 

5382 

3197 

820 

JAN 

85 

315 

518 

2733 

5623 

6081 

6662 

5370 

3186 

820 

FEB 

85 

312 

518 

2735 

5631 

6097 

6671 

5373 

3186 

820 

MAR 

85 

312 

518 

2732 

5630 

6094 

6658 

5354 

3185 

820 

APR 

85 

310 

519 

2738 

5632 

6110 

6678 

5376 

3190 

820 

MAY 

85 

312 

512 

2728 

5609 

6096 

6631 

5316 

3135 

820 

JUN 

85 

311 

509 

2756 

5603 

6070 

6562 

5935 

2459 

B 1  2 

JUL 

85 

309 

509 

2758 

5587 

6062 

6560 

5935 

2459 

812 

AUG 

35 

308 

504 

2737 

5584 

6057 

6549 

5923 

2446 

812 

SEP 

35 

309 

507 

2763 

5612 

6098 

6578 

5948 

2449 

812 

OCT 

35 

306 

503 

2736 

5583 

6065 

6511 

5863 

2406 

812 

NOV 

85 

303 

503 

2730 

5573 

6070 

6508 

5852 

2402 

812 

DEC 

85 

303 

502 

2727 

5564 

6069 

6511 

5840 

2399 

812 

JAN 

86 

302 

502 

2763 

5547 

6041 

6451 

5837 

2402 

812 

FEB 

86 

301 

507 

2759 

5550 

6041 

6463 

5822 

2392 

812 

MAR 

86 

301 

507 

2754 

5532 

6025 

6444 

5806 

2382 

812 

APR 

86 

302 

506 

2745 

5533 

6035 

6454 

5811 

2386 

812 

MAY 

86 

302 

504 

2752 

5537 

6037 

6470 

5802 

2381 

812 

JUN 

86 

302 

509 

2777 

5589 

6098 

6523 

5842 

2406 

812 

JUL 

86 

301 

503 

2775 

5601 

6095 

6519 

5841 

2405 

812 

AUG 

86 

302 

501 

2778 

5604 

6097 

6520 

5839 

2404 

812 

SEP 

86 

300 

500 

2770 

5629 

6167 

6557 

5908 

2401 

812 

OCT 

8S 

NOV 

82 

DEC 

82 

JAN 

83 

FEB 

83 

MAR 

83 

APR 

83 

MAY 

83 

JUN 

83 

JUL 

83 

AUG 

83 

SEP 

83 

OCT 

83 

NOV 

83 

DEC 

83 

JAN 

84 

FEB 

84 

MAR 

84 

APR 

84 

MAY 

84 

JUN 

84 

JUL 

84 

AUG 

84 

SEP 

84 

OCT 

84 

NOV 

84 

DEC 

84 

JAN 

85 

FEB 

85 

MAR 

85 

APR 

85 

MAY 

85 

JUN 

85 

JUL 

85 

AUG 

85 

SEP 

85 

OCT 

85 

NOV 

85 

DEC 

85 

JAN 

86 

FEB 

86 

MAR 

86 

APR 

86 

MAY 

86 

JUN 

86 

JUL 

86 

AUG 

86 

SEP 

86 

RETIREMENTS 

Source:  PMIS  Separations  Database  (P-1) 
E-9  E-B  E-‘ 


cvjfnnooornonJonJnoooairuaifu 


Month 
OCT  82 
NOV  82 
DEC  82 
JAN  83 
FEB  83 
MAR  83 
APR  83 
MAY  83 
JUN  83 
JUL  83 
AUG  83 
SEP  83 
OCT  83 
NOV  83 
DEC  83 
JAN  84 
FEB  84 
MAR  84 
APR  84 
MAY  84 
JUN  84 
JUL  84 
AUG  84 
SEP  84 
OCT  84 
NOV  84 
DEC  84 
JAN  85 
FEB  85 
MAR  85 
APR  85 
MAY  85 
JUN  85 
JUL  85 
■JG  35 
55 
:  3  5 
NOV  35 
DEC  85 
JAN  86 
FEB  86 
MAR  86 
APR  36 
MAY  86 
JUN  86 
JUL  86 
AUG  86 
SEP  86 


ADMINISTRATIVE  DISCHARGES 
Source:  PMIS  Separations  Database 


E-9 

E-8 

E-7 

E-6 

E-5 

E-4 

E-3 

E-2 

E-l 

0 

0 

0 

1 

3 

16 

15 

18 

lb 

0 

0 

0 

0 

1 

1 

1 

0 

0 

0 

0 

1 

1 

0 

12 

25 

22 

36 

0 

0 

0 

0 

0 

0 

2 

1 

1 

0 

0 

1 

0 

6 

1  1 

22 

30 

58 

0 

0 

0 

2 

2 

16 

28 

33 

84 

0 

0 

0 

1 

9 

17 

28 

21 

97 

0 

0 

0 

2 

6 

15 

32 

28 

84 

0 

0 

0 

0 

4 

1  1 

24 

35 

117 

0 

0 

0 

1 

7 

23 

36 

33 

50 

0 

0 

0 

0 

2 

18 

30 

27 

137 

0 

0 

0 

1 

7 

21 

33 

36 

1  15 

0 

0 

0 

0 

1 

6 

16 

32 

126 

0 

0 

0 

0 

1 

5 

13 

26 

105 

0 

0 

0 

0 

1 

6 

15 

31 

123 

0 

0 

0 

0 

4 

16 

40 

41 

59 

0 

0 

0 

1 

7 

10 

20 

24 

56 

0 

0 

0 

0 

6 

15 

32 

5B 

97 

0 

0 

2 

2 

1  1 

16 

30 

34 

92 

0 

0 

1 

3 

4 

20 

28 

38 

119 

0 

0 

0 

1 

4 

18 

24 

36 

78 

0 

0 

0 

0 

1 

10 

36 

30 

53 

0 

0 

0 

2 

1  1 

21 

39 

47 

81 

0 

0 

1 

4 

4 

22 

30 

36 

70 

0 

0 

0 

0 

14 

17 

24 

36 

72 

0 

0 

1 

2 

2 

26 

33 

35 

99 

0 

0 

1 

4 

4 

12 

28 

28 

93 

0 

0 

1 

3 

6 

24 

36 

32 

70 

0 

0 

0 

4 

5 

19 

32 

40 

64 

0 

0 

0 

1 

10 

18 

30 

uO 

s6 

0 

0 

0 

2 

6 

14 

35 

40 

79 

0 

0 

0 

1 

4 

18 

27 

61 

81 

0 

0 

0 

4 

7 

15 

26 

35 

53 

0 

1 

0 

4 

7 

17 

26 

33 

4  1 

c%- 

1 

0 

3 

5 

13 

28 

29 

85 

: 

0 

1 

5 

15 

3l4 

2"? 

'  ' 

i 

Q 

9 

9 

D  C. 

2 : 

'•J 

0 

1 

0 

4 

1  6 

31 

<-*■  i  J 

“E 

0 

0 

1 

2 

8 

26 

25 

34 

4fc> 

0 

0 

0 

1 

7 

16 

32 

35 

36 

0 

0 

0 

4 

8 

13 

27 

3P 

52 

0 

0 

0 

1 

9 

9 

27 

31 

66 

0 

0 

1 

4 

1  1 

24 

21 

26 

82 

0 

0 

0 

3 

7 

25 

23 

54 

84 

0 

0 

1 

4 

9 

21 

34 

43 

69 

0 

0 

0 

2 

6 

17 

26 

38 

55 

0 

0 

1 

3 

5 

14 

16 

27 

91 

0 

0 

0 

2 

8 

17 

27 

33 

109 

v  ’ 
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RE  a 

04 

MAR 

04 

APR 

04 

MAY 

04 

JUN 

04 

JUL 

04 

AUG 

04 

SEP 

04 

OCT 

04 

NOV 

04 

DEC 

84 

JAN 

05 

FEB 

05 

MAR 

05 

APR 

85 

MAY 

85 

JUN 

85 

JUL 

85 

AUG 

85 

NOV 

05 

DEC 

85 

JAN 

86 

FEB 

86 

MAR 

86 

APR 

86 

MAY 

86 

JUN 

86 

JUL 

86 

AUG 

86 

SEP 

86 

LOSSES  DUE  TO  NON-REENLISTMENTS 
Source:  PMIS  Separations  Database 


TOTAL  ATTRITIONS 

Source:  PMIS  Separations  Database 


Mont 

h 

E-9 

E-8 

E-7 

E-6 

OCT 

82 

9 

5 

9 

14 

NOV 

82 

12 

8 

18 

20 

DEC 

82 

6 

3 

17 

9 

JAN 

83 

0 

0 

3 

0 

FEB 

S3 

6 

2 

1 1 

10 

MAR 

83 

0 

2 

7 

15 

APR 

83 

4 

0 

7 

17 

NAY 

83 

4 

2 

1  1 

10 

JUN 

83 

6 

6 

15 

12 

JUL 

83 

7 

5 

18 

23 

AUG 

83 

2 

1  1 

10 

30 

SEP 

33 

6 

1 

10 

15 

GC" 

83 

9 

6 

16 

25 

NOV 

33 

5 

4 

1  1 

24 

DEC 

83 

7 

4 

12 

19 

JAN 

84 

1 

1 

8 

16 

FEB 

64 

1 

2 

8 

18 

MAR 

84 

2 

2 

9 

10 

APR 

84 

1 

2 

7 

27 

MAY 

84 

5 

4 

6 

28 

JUN 

84 

9 

1 

7 

20 

JUL 

84 

10 

8 

14 

19 

AUG 

84 

5 

7 

15 

18 

SEP 

84 

6 

9 

13 

26 

OCT 

84 

9 

7 

13 

14 

NOV 

84 

6 

5 

1  1 

19 

DEC 

84 

1 

4 

12 

17 

JAN 

85 

3 

2 

2 

17 

FEB 

35 

10 

7 

1  1 

13 

MAR 

85 

3 

4 

8 

14 

APR 

85 

3 

1 

9 

22 

MAY 

05 

6 

2 

10 

18 

JUN 

85 

7 

8 

6 

26 

JUL 

85 

1 

9 

8 

32 

AUG 

95 

6 

12 

18 

28 

SE° 

35 

10 

8 

6 

26 

OCT 

35 

2 

1 

4 

22 

NOV 

85 

9 

3 

6 

17 

DEC 

85 

1 

4 

3 

20 

JAN 

Sc 

5 

6 

7 

21 

FEB 

86 

6 

5 

9 

26 

MAR 

86 

5 

5 

8 

5 

APR 

86 

3 

3 

15 

18 

MAY 

86 

3 

5 

10 

35 

JUN 

86 

7 

6 

14 

27 

JUL 

86 

1  4 

10 

25 

29 

AUG 

86 

4 

1  1 

17 

34 

SEP 

86 

6 

9 

17 

24 

t-o 

50 

76 

C.  J 

39 

L. _ L- 

23 

k—  * 

77 

58 

91 

57 

47 

48 

32 

49 

44 

30 

37 

1 

3 

3 

2 

1 

42 

63 

48 

43 

58 

45 

58 

57 

39 

85 

49 

92 

72 

36 

97 

50 

68 

56 

49 

87 

68 

105 

57 

42 

117 

72 

141 

91 

50 

50 

79 

165 

75 

48 

139 

70 

176 

83 

47 

116 

67 

128 

82 

50 

133 

73 

138 

85 

45 

1  13 

47 

92 

62 

43 

128 

57 

127 

82 

56 

61 

47 

115 

65 

42 

56 

52 

95 

64 

68 

97 

51 

96 

64 

39 

92 

57 

91 

51 

54 

121 

35 

107 

51 

52 

78 

63 

137 

94 

37 

53 

85 

153 

108 

62 

85 

66 

131 

72 

45 

70 

73 

109 

67 

44 

72 

58 

130 

70 

44 

100 

30 

60 

46 

3B 

93 

57 

154 

75 

46 

72 

57 

1  19 

72 

56 

65 

44 

103 

69 

52 

68 

54 

82 

68 

44 

83 

59 

95 

59 

84 

83 

53 

87 

55 

40 

53 

49 

96 

47 

38 

41 

45 

96 

67 

35 

86 

71 

98 

58 

31 

101 

67 

97 

71 

47 

83 

58 

94 

77 

49 

80 

34 

74 

45 

40 

48 

63 

128 

80 

42 

45 

66 

101 

65 

47 

54 

23 

13 

53 

22 

67 

45 

64 

27 

24 

82 

84 

156 

65 

82 

84 

95 

136 

74 

59 

69 

79 

153 

82 

50 

56 

73 

108 

65 

33 

94 

50 

85 

53 

39 

112 

128 


EXPIRATION  OF  ENLISTMENTS 
Source:  PMIS  Database 


Month 

Non-rate 

First 

Subseauent 

OCT 

82 

64 

288 

183 

NOV 

82 

64 

271 

173 

DEC 

82 

36 

o2 

127 

JAN 

83 

106 

346 

184 

FEB 

83 

62 

265 

164 

MAR 

83 

57 

233 

216 

APR 

83 

86 

174 

121 

MAV 

83 

50 

1  a  9 

154 

JUN 

83 

68 

193 

1  15 

JUL 

83 

1  10 

31  1 

1  63 

AUG 

83 

107 

330 

145 

SEP 

83 

1  13 

368 

138 

OCT 

83 

73 

356 

243 

NOV 

83 

86 

339 

158 

DEC 

83 

28 

76 

124 

JAN 

84 

112 

44<5 

200 

FEB 

84 

85 

343 

192 

MAR 

84 

79 

278 

189 

APR 

84 

57 

256 

202 

MAY 

84 

64 

224 

165 

JUN 

84 

57 

266 

188 

JUL 

84 

92 

438 

214 

AUG 

84 

126 

380 

178 

SEP 

84 

98 

356 

200 

OCT 

84 

82 

315 

222 

NOV 

84 

68 

333 

207 

DEC 

84 

44 

118 

147 

JAN 

85 

105 

422 

217 

FEB 

85 

108 

327 

212 

MAR 

85 

75 

278 

213 

APR 

85 

68 

261 

267 

MAY 

85 

105 

218 

236 

JUN 

85 

71 

222 

261 

JUL 

85 

54 

271 

298 

AUG 

85 

69 

191 

284 

SEP 

85 

92 

244 

240 

OCT 

85 

79 

219 

316 

NOV 

85 

80 

339 

249 

DEC 

85 

19 

1  19 

185 

JAN 

86 

89 

326 

296 

FEB 

65 

82 

247 

276 

MAP 

96 

85 

220 

264 

A°R 

3  - 

57 

257 

324 

MAv 

86 

73 

263 

304 

JUN 

86 

45 

196 

336 

JUL 

86 

67 

21  1 

389 

AUG 

86 

87 

180 

325 

SEP 

86 

79 

186 

328 

ECONOMIC  DATA 


Source:  BLS  Publications 


fiontn 


mu 


UnemD 1 o vment  Rates 


OCT 

NOV 

DEC 

JAN 

-  EB 

31 

a  1 

31 

3E 

Sc 

379 . 90 
380 . 70 

331.50 

383.50 
593 . 40 

3164.00 

3149.70 

3135.50  _ 

2131.90 
3108.30  30- 

25 

Ma  1  es 

2_ 

“'.AR 

33 

333 . 10 

3094 . 70 

APR 

S3 

384 . 30 

3100.10  1 

5. 

0 

6 

MAY 

S3 

387 . 10 

3105.50  1 

5. 

5 

6 

JUN 

S3 

390.60 

3110.90  1 

5. 

8 

7 

-i  : 1 

33 

3°3 . 3C 

3112.80  1 

5. 

9 

7 

S3 

2<=2  .  SO 

3114.70  1 

6. 

6 

7 

EE3 

33 

3C3 . 30 

3116. 60  1 

7. 

4 

8 

DC  T 

33 

395.50 

3111.53  1 

7. 

4 

9 

NOV 

33 

395 . SO 

3106.47  1 

8. 

0 

9 

DEC 

53 

£93 . 40 

3101.40  1 

7. 

8 

9 

JAN 

S3 

393.  10 

3139.80  1 

7. 

6 

8 

FEB 

S3 

393.30 

3158.20  1 

7. 

8 

9 

MAR 

S3 

393.40 

3186.60  1 

6. 

6 

9 

APR 

S3 

395.50 

3310.50  1 

7. 

0 

8 

MA  V 

93 

397.  10 

3334.40  1 

7. 

6 

8 

JUN 

93 

398. 10 

3358.30  1 

5, 

7 

8 

JUL 

83 

399.30 

3274.33  1 

5. 

7 

B 

AUG 

83 

300.30 

3390.37  1 

5. 

9 

8 

SEP 

93 

301 .80 

3306.40  1 

5. 

0 

8 

OCT 

33 

303 . 60 

3335.97  1 

4. 

7 

7 

NCV 

33 

303. 10 

3345.53  1 

3. 

8 

7 

DEC 

S3 

303.50 

3365.10  1 

3. 

3 

6 

JAN 

~u 

3C5 . 30 

3391.63  1 

3. 

1 

6 

-E3 

34 

306 . 60 

3418.17  1 

3. 

1 

6 

MAR 

54 

307.30 

3444.70  1 

1  . 

9 

6 

APP 

84 

308.90 

3458.83  1 

2. 

7 

6 

vfiy 

34 

309 . 70 

3472.97  1 

1  . 

5 

5 

J_  N 

310.70 

3487.10  1 

1  . 

4 

5 

JUL 

3^ 

31  1  .  ">0 

34^3.87  1 

1  . 

7 

5 

-i'.G 

3- 

3  13. 00 

3500.63  1 

3  . 

3 

5 

~  ~  3 

Zl  l“* 

314. 50 

3507.40  1 

3. 

2 

5 

_j  L  ' 

6“ 

315.30 

3511.73  1 

0. 

9 

5 

'  iC  v 

34 

315.50 

3516.07  1 

1  . 

3 

5 

DEC 

SL 

315.50 

3520.40  1 

1  . 

5 

5 

JAN 

85 

316.10 

3529.37  1 

1  . 

2 

5 

-EE 

35 

317.40 

3538.13  1 

1  . 

8 

5 

MAP 

85 

318.80 

3547.00  1 

1  . 

7 

5 

APR 

85 

330 . 10 

3553.67  1 

1  . 

3 

5 

MAY 

85 

331.30 

3560.33  1 

3. 

5 

5 

JUN 

85 

333 . 30 

3567.00  1 

1  . 

9 

5 

JUL 

35 

333 . 80 

3579.37  1 

1  . 

7 

5 

in 


1 

* 

APPENDIX  B 

» .  > 

SAS  PROGRAM 

USED 

IN  THIS  STUDY 

OPTIONS  LINESIZE 

=  80 ; 

data  parti; 

INPUT 

E9  E8 

E7  E6 

E5  E4 

E3  E2  El  EALLi 

f.y 

CARDS 

5 

o 

.0286 

.0105 

.0034 

.0028 

.0098  .0093 

.0088 

.0056 

.0670 

.008895 

& 

.0391 

.0173 

.0069 

.0040 

.0115  .0112 

.0126 

.0114 

.0377 

.011037 

.0197 

.0064 

.0065 

.0018 

.0064  .0061 

.0096 

.0073 

.0314 

.006910 

£ 

.0000 

.0000 

.0011 

.0000 

.0002  .0004 

.0006 

.0005 

.0015 

.000417 

.0199 

.0043 

.0042 

.0020 

.0085  .0077 

.0099 

.0100 

.0482 

.008359 

.0000 

.0041 

.0026 

.0029 

.0086  .0078 

.0117 

.0090 

.0720 

.008896 

i  * 

.0123 

.0000 

.0027 

.0033 

.0093  .0124 

.0141 

.0082 

.0722 

.010778 

«  ' 
> 

.0122 

.0041 

.0042 

.0019 

.0095  .0094 

.0107 

.0109 

.0646 

.009640 

.0185 

.0123 

.0057 

.0023 

.0131  .0145 

.0107 

.0093 

.0842 

.012124 

.0219 

.0103 

.0068 

.0045 

.0140  .0195 

.0167 

.0106 

.0446 

.013770 

>** 

.0063 

.0224 

.0037 

.0057 

.0149  .0237 

.0137 

.0099 

.1238 

.015911 

/* 

.0189 

.0021 

.0037 

.0029 

.0133  .0260 

.0148 

.0099 

.0713 

.015050 

-:• 

.0285 

.0119 

.0060 

.0048 

.0129  .0191 

.0144 

.0100 

.0760 

.014487 

.0160 

.0080 

.0041 

.0047 

.0141  .0203 

.0152 

.0087 

.0721 

.014169 

t 

.  0224 

.0079 

.0045 

.0037 

.0092  .0131 

.0113 

.0080 

.1005 

.011393 

4dC 

.0032 

.0020 

.0030 

.0031 

.0112  .0175 

.0152 

.0104 

.0615 

.011946 

.0031 

.0039 

.0030 

.0034 

.0088  .0165 

.0121 

.0079 

.0604 

.010326 

jS' 

.0063 

.0039 

.0033 

.0019 

.0098  .0137 

.0116 

.0133 

.0975 

.011317 

.0031 

.0040 

.0026 

.0052 

.0097  .0135 

.0116 

.0079 

.0897 

.010725 

.0152 

.0079 

.0022 

.0054 

.0109  .0127 

.0091 

.0112 

.1187 

.011594 

j 

.0275 

.0020 

.0026 

.0038 

.0068  .0146 

.0088 

.0114 

.0687 

.010266 

77* 

.> 

.0306 

.0157 

.0052 

.0037 

.0123  .0182 

.0164 

.0084 

.0783 

.013010 

.0153 

.0136 

.0055 

.0034 

.0156  .0212 

.0194 

.0143 

.1230 

.015926 

.0185 

.0173 

.0047 

.0049 

.0123  .0183 

.0131 

.0111 

.0856 

.013116 

,v 

.0287 

.0138 

.0048 

.0027 

.0139  .0150 

.0121 

.0112 

.1329 

.012264 

ri 

.0192 

.0097 

.0040 

.0036 

.0112  .0178 

.0125 

.01 19 

.1221 

.013057 

-»4 

.0032 

.0078 

.0044 

.0032 

.0059  .0081 

.0082 

.0106 

.0943 

.008607 

*J6 

.0095 

.0039 

.0007 

.0032 

.0112  .0204 

.0134 

.0124 

.0897 

.012864 

•S 

.0316 

.0136 

.0040 

.0024 

.0104  .0167 

.0132 

.0150 

.0693 

.012359 

.0095 

.0077 

.0029 

.0026 

.0080  .0144 

.0128 

.0143 

.0599 

.010874 

.0096 

.0019 

.0033 

.0041 

.0099  .0111 

.0129 

.0118 

.0941 

.010750 

[T^r 

.0189 

.0038 

.0037 

.0034 

.0108  .0127 

.0112 

.0227 

.1095 

.012366 

-*- 

.0224 

.0154 

.0022 

.0049 

.0098  .0112 

.0107 

.0109 

.0808 

.010107 

K 

.0032 

.0176 

.0029 

.0060 

.0092  .0123 

.0093 

.0107 

.0942 

.009909 

t:- 

.0191 

.0234 

.0065 

.0051 

.0080  .0124 

.0143 

.0101 

.1180 

.011663 

t*: 

.0324 

.0157 

.0022 

.0048 

.0125  .0125 

.0124 

.0092 

.1053 

.012001 

.0065 

.0020 

.0015 

.0041 

.0120  .0123 

.0153 

.0142 

.0750 

.011741 

I) 

.0292 

.0059 

.0022 

.0032 

.0105  .0118 

.0167 

.0148 

.0682 

.011712 

r.' 

.0032 

.0078 

.0011 

.0037 

.0062  .0091 

.0100 

.0119 

.0607 

.008135 

.0164 

.0119 

.0025 

.0039 

.0115  .0155 

.0178 

.0124 

.0986 

.012369 

.0195 

.0099 

.0033 

.0048 

.0118  .0125 

.0147 

.0143 

.1220 

.011762 

133 

s* 

/  ■/  v.  /.  f. 

.'V  •A-'i 

.0165 

.0098 

.0029 

.0009 

.0041 

.0016 

.0120 

.0070 

.0927 

.005790 

.0100 

.0059 

.0055 

.0033 

.0081 

.0080 

.0062 

.0079 

.1021 

.008262 

.0101 

.0098 

.0037 

.0065 

.0152 

.0194 

.0147 

.0274 

.1053 

.016249 

.0225 

.01 14 

.0050 

.0050 

.0175 

.0170 

.0170 

.0196 

.0902 

.015268 

.0465 

.0195 

.0091 

.0053 

.0140 

.0198 

.0202 

.0169 

.1158 

.016091 

.0133 

.0215 

.0062 

.0062 

.0131 

.0142 

.0157 

.0114 

.1151 

.013656 

.0196 

.0176 

.0062 

.0044 

.0091 

.0113 

.0126 

.0140 

.1026 

.011938 

DATA  PARTS ; 

INPUT  MNTH  CPU  CPI6  CPI  12  PDIF  INLAG1  INLAG2; 
M2=MNTH**2; 

M3=MNTH**3; 

M4=MNTH**4 ; 

CARDS; 


2 

.0017 

.0360 

.0557 

.0157 

332 

360 

3 

.0075 

.0394 

.0538 

.0138 

425 

332 

4 

.0010 

.0303 

.0387 

-.0013 

421 

425 

5 

-.0115 

.0062 

.0375 

.0075 

313 

421 

6 

.0024 

.0031 

.0346 

-.0054 

489 

313 

7 

.0003 

.  00 1 4 

.0364 

-.0036 

366 

489 

8 

.0007 

.0003 

.0394 

-.0006 

413 

366 

9 

.0072 

.0000 

.0348 

.0048 

452 

413 

10 

.0054 

.0044 

.0258 

-.0142 

548 

452 

11 

.0034 

.0195 

.0243 

-.0157 

102 

548 

12 

.0040 

.0212 

.0256 

-.0144 

483 

102 

1 

.0033 

.0242 

.0290 

-.0010 

697 

483 

2 

.0050 

.0286 

.0240 

-.0160 

531 

697 

3 

.0027 

.0240 

.0247 

-.0153 

487 

531 

4 

.0017 

.0202 

.0380 

-.0020 

359 

487 

5 

.0013 

.0181 

.0413 

.0113 

130 

359 

6 

.0056 

.0197 

.0457 

.0057 

360 

130 

7 

.0046 

.0210 

.0474 

.0074 

232 

360 

8 

.0023 

.0182 

.0450 

.0050 

287 

232 

9 

.0049 

.0205 

.0424 

.0124 

351 

287 

10 

.0029 

.0218 

.0423 

.0023 

297 

351 

11 

.0032 

.0237 

.0414 

.0014 

21 

297 

12 

.0032 

.0213 

.0423 

.0023 

332 

21 

1 

.0042 

.0209 

.0421 

.0121 

183 

332 

2 

.0048 

.0234 

.0420 

.0020 

140 

183 

3 

.0025 

.0210 

.0409 

.0009 

391 

140 

4 

.0006 

.018” 

.0395 

-.0005 

367 

391 

5 

.0000 

.0154 

.0357 

.0057 

222 

367 

6 

.0019 

.0141 

.0352 

-.0048 

417 

222 

7 

.0041 

.0141 

.0374 

-.0026 

315 

417 

8 

.0044 

.0137 

.  0366 

-.0034 

261 

315 

9 

.0041 

.0152 

.0375 

.0075 

261 

261 

10 

.0037 

.0184 

.0373 

-.0027 

237 

261 

1  1 

.0031 

.0216 

.0356 

-.0044 

17 

237 

12 

.0016 

.0212 

.0335 

-.0065 

345 

17 

1 

.0022 

.0192 

.0318 

.0018 

360 

345 

2 

.0031 

.0179 

.0324 

-.0076 

388 

J60 

3 

.0031 

.0169 

.0352 

-.004B 

382 

388 

134 


4 

.0034 

.0165 

.0377 

-.0023 

222 

382 

5 

.0024 

.0158 

.0389 

.0089 

51 

222 

6 

.0031 

.0173 

.0318 

-.0082 

212 

51 

n 

-.0027 

.0124 

.0226 

-.0174 

270 

212 

S 

-.0046 

.0046 

.0162 

-.0238 

281 

270 

0 

-.0021 

-.0006 

.0156 

-.0144 

258 

281 

10 

.0031 

-.0009 

.0174 

-.0226 

265 

258 

11 

.0049 

.0015 

.0161 

-.0239 

87 

265 

12 

.0003 

-.0012 

.0158 

-.0242 

425 

87 

i 

.0018 

.0034 

.0176 

-.0124 

126 

425 

3ATA  -ART3; 

INPUT  GNP1  GNP6  GNP12  EESUB  EE 1ST  EENR  EMPLAG  E20LAG  EE5LAG  ETOTLAG; 
EET0T=EENR+EE1ST+EESUB; 

CARDS; 


.0006 

.0071 

-.0166 

183 

288 

64 

.12222 

. 10828 

.24242 

. 17582 

-.0016 

.  0037 

-.0137 

173 

271 

64 

.11702 

.16000 

.31884 

.15957 

-.0016 

.0003 

-.0109 

127 

62 

36 

.12632 

.16129 

.33333 

.16842 

-.0016 

-.0031 

.0025 

184 

346 

106 

.10526 

.12658 

.25333 

.  15464 

.  0092 

.0055 

.0161 

164 

265 

62 

.06122 

.10692 

.16000 

.06000 

.  009 1 

.0140 

.0297 

216 

233 

57 

.06122 

.07229 

.21333 

.05882 

.0090 

.0225 

.0356 

121 

174 

86 

.01980 

-.04598 

.09756 

.00000 

.0075 

.0318 

.0415 

154 

169 

50 

-.02857 

-.02299 

-.02198 

-.01835 

.0074 

.0412 

.0474 

115 

193 

68 

-.05607 

-.02222 

-.04348 

-.04505 

.0074 

.0506 

.0519 

163 

311 

110 

-.04762 

-.11798 

-.10638 

-.10714 

.0049 

.0462 

.0564 

145 

330 

107 

-.08654 

-.10795 

-.06897 

-.07547 

.0049 

.0418 

.0609 

138 

368 

113 

-.08654 

-.10674 

-.12088 

-.08333 

.0049 

.0376 

.0689 

243 

356 

73 

-.09709 

-.09639 

-.11111 

-.10280 

.0059 

.0360 

.0770 

158 

339 

86 

-.13725 

-.13529 

-.16854 

-.14953 

.0059 

.0344 

.0850 

124 

76 

28 

-.16832 

-.21591 

-.19318 

-.18868 

.0058 

.0328 

.0837 

200 

449 

112 

-.18000 

-.15287 

-.20238 

-.17000 

.0079 

.0358 

.0823 

192 

343 

85 

-.15789 

-.16561 

-.18519 

-.17347 

.0078 

.0388 

.0810 

189 

278 

79 

-. 17B95 

-.23899 

-.20000 

-.21212 

.  0078 

.0418 

.  0774 

202 

256 

57 

-.16129 

-.20667 

-.23750 

-.19792 

.0041 

.0399 

.0738 

165 

224 

64 

-.11364 

-.13605 

-.16216 

-.15385 

.0041 

.0381 

.0702 

188 

266 

57 

-.10714 

-.16667 

-.16901 

-.15116 

.0041 

.0363 

0670 

214 

438 

92 

-.13415 

-.14286 

-.16418 

-.14458 

.0019 

.0301 

.0639 

178 

380 

126 

-.06250 

-.10687 

-.10606 

-.07407 

.0019 

.0241 

.0608 

200 

356 

98 

-.03846 

.01653 

-.10938 

-.07692 

.00 19 

.0182 

.0559 

222 

315 

82 

-.05128 

.02521 

-.08197 

-.06494 

.  0012 

.0153 

.0510 

207 

333 

68 

-.06410 

-.14173 

-.09677 

-.07792 

.0012 

.0124 

.0462 

147 

118 

44 

-.05333 

-.02609 

-.05085 

-.04110 

.0012 

.0095 

.0406 

217 

422 

105 

.01408 

.00877 

.00000 

.00000 

.0025 

.0101 

.0351 

212 

327 

108 

-.01333 

-.04274 

-.01695 

-.04000 

.0025 

.0107 

.0297 

213 

278 

75 

-.02667 

-.04065 

-.01754 

-.01389 

.0025 

.0113 

.0274 

267 

261 

68 

-.01351 

-.04098 

.00000 

-.02773 

.0019 

.0119 

.0252 

236 

218 

105 

.00000 

.03670 

.03571 

.00000 

.0019 

.0126 

.0229 

261 

222 

71 

.02817 

.  11607 

-.07143 

-.01429 

.0019 

.0132 

.0244 

298 

271 

54 

.01389 

.03478 

.03571 

.02817 

.0034 

.0142 

.0260 

284 

191 

69 

-.01351 

.04464 

-.03448 

.00000 

.0034 

.0151 

.0275 

240 

244 

92 

-.04110 

-.09322 

-.01786 

-.04225 

.0034 

.0160 

.0280 

316 

218 

79 

-.02740 

-.05983 

-.01786 

-.01429 

.0017 

.0158 

.0285 

249 

339 

80 

-.02740 

-.01770 

-.05172 

. 00000 

.0017 

.0157 

.0289 

185 

119 

19 

-.04110 

-.10400 

.03846 

.00000 

.0017 

.0155 

.0295 

296 

326 

89 

-.05479 

-.10924 

-.06897 

-.08219 

•  '  J  -Z  1 

.0152 

.0301 

276 

247 

82 

-.08219 

-.11966 

-.05357 

-.09722 

•  -  1  v  LH  - 

.0146 

.0307 

264 

220 

87 

.04286 

.00000 

. 03636 

.02941 

•  O'J  w  1 

.0145 

.0293 

324 

257 

77 

.01408 

.00000 

.  03636 

.01449 

.  0005 

.0132 

.0279 

304 

263 

73 

.00000 

.  0450c 

.00000 

-.02817 

.  0005 

.0120 

.0265 

336 

196 

45 

.04286 

. 08929 

.07407 

.05797 

.  0005 

.0108 

.0253 

389 

211 

67 

.02899 

.03774 

.07407 

.05970 

.  0CE3 

<_> 

o 

o 

.0241 

325 

180 

87 

.02985 

.08738 

.09434 

.07692 

.  0023 

.  0098 

.0229 

328 

186 

79 

-.06849 

.05607 

-.03509 

-.02857 

data  dataall; 

MERGE  PARTI  PARTE  PART3  5 
-R Cl  REG  DATA=DATAALL ; 

VCDE_  E5  E5  E7  EE  =  MNTH  MS  M3  M4  PDIF  CPI1  GNP6  EESUB  EMPLAG 
SEE  =  P  CELL  IN  INFLUENCE  DW ; 

"CDE-  E5  =  MN7H  MS  M3  M4  PDIF  CPI1  GNP6  EESUB  EE1ST  EMPLAG 
SSE  P  R  ZCLLIN  INFLUENCE  DW; 

MCDEu  E«=  MNTH  ME  M3  M4  PDIF  CPI1  GNP6  EE 1ST  EMPLAG 
SSE  P  R  CELL  IN  INFLUENCE  DW ; 

MODEL  E3  EE  =MNTH  MS  M3  M4  PDIF  CPI1  GNP6  EENR  EMPLAG 
/  SSE  P  R  COLLIN  INFLUENCE  DW; 

MODEL  El  E 1 A=MNTH  ME  M3  M4  PDIF  CPI1  GNP6  EENR  EMPLAG  INLAG1  INLAG2 
/  SSE  P  R  COLLIN  INFLUENCE  DW; 

MODEL  EALL=MNTH  MS  M3  M4  PDIF  CPI1  GNPfe  EETQT  EMPLAG 


The  remainder  of  this  Appendix  consists  of  Figures  C- 2 


through  C-10,  describing  each  of  the  sections  shown 
C-l .  Each  figure  description  contains  the  upper  left 
lower  right  spreadsheet  cell  locations*  respectively 


TODAY  IS  ll-Jul-87 


CURRENT 

STOCKS 

PAY  GRADE 

COUNT 

E-9 

314 

E-3 

515 

E-7 

2306 

£-6 

5339 

E-5 

5476 

E-4 

7141 

E-3 

4394 

ai 

1 

U1 

3922 

E-l 

1418 

TOTAL 

31375 

MODEL  CONSTRAINTS 

DESIRED 

END  STRENGTH 

31400 

FTE  GOAL 

31385 

CURRENT 

MONTH  NUMBER 

0 

I  OCT-O  31  0CT= 1 

30  N0V-2 

31  DEC=3  31  JAN=4 

23  FES-5 

31  MAR=6  30  APR -7 

31  MAY =8 

20  JUN=?  31  JUL-10 

31  AUG=  1 1 

DECEMBER  RECRUITS  200 

JUNE  RECRUITS  100 


DECEMBER  RECRUITS  200 

JUNE  RECRUITS  100 

MULTIPLIER  NEW  0 

DEFAULT  25.774462 
FISCAL  YEAR  19S8 

E-4  -  E-9  OFEN 

RATING  LIST:  YES  =1  1 


-  INITIALIZATION:  Al,  C59 
FIGURE  C-2 


in  F igure 
and 


SECTION  1 


PROJECTED  RESULT  FUR  FISCAL  'EAR  1=82 


NGV  DEC  JAN  FEB  NAP.  APR  NAY  JUN 


E-* 

314 

314 

315 

313 

313 

314 

314 

315 

315 

312 

313 

313 

314 

£-g 

515 

515 

31s 

513 

514 

515 

516 

516 

517 

512 

513 

514 

C  ♦  C 

C”  ' 

3306 

:gtr. 

2314 

2797 

2307 

2806 

231! 

2816 

282! 

2300 

2304 

c3l2 

2303 

5389 

5393 

3406 

5337 

5444 

5403 

5400 

5409 

5413 

5392 

5324 

5 

4 

"47  a 

3435 

5h93 

5459 

5925 

5863 

5765 

5651 

5528 

5463 

55-f8 

5h"! 

5*31 

£-•» 

7141 

"040 

6964 

7017 

6570 

6635 

6712 

6735 

6848 

6900 

7002 

b?U6 

i318 

E-3 

4394 

•*329 

429! 

4290 

4145 

4156 

4165 

4175 

4185 

4138 

4161 

4137 

4134 

E-E 

3922 

>♦089 

4256 

4508 

4669 

4445 

457B 

4707 

4742 

4763 

4638 

4305 

4560 

E-l 

1413 

14h4 

1419 

992 

943 

1246 

1176 

1117 

1170 

902 

983 

1513 

1276 

STOCKS 

QCT 

NOV 

DEC 

JAN 

FEE 

MAR 

APR 

HAY 

JUN 

JUL 

AU6 

SEP 

TOTAL  31375 

31424  31473  31275  31329  31383  31436  31490  31544  31236  31291 

31345 

31400 

FTE 

2616. 

2620. 

2614. 

2608. 

2613. 

2617. 

2621. 

2626. 

2615. 

2605. 

2609. 

2614. 

CUM 

2616. 

5237. 

7851. 

10460  13073  15691 

18313  20939  23555  26160  28770 

31335 

FTE 

RECRT 

69? 

629 

200 

538 

617 

539 

564 

625 

100 

713 

761 

602 

CJM 

RECRT 

699 

1323 

1523 

2116 

2733 

3272 

3836 

4461 

4561 

527? 

6040 

6642 

SECTION  2  PERSONNEL  FLOW  CALCULATIONS: 
FIGURE  C-3 


FIE  CALCULATIONS 

A.  BEGIN  MONTH  :1  OCT-NOV. I  JUN-SEP  B.  BEGIN:  ! 


i 


FTE  CUR  FTE 


STOCKS  DER  DEK  x  Zi  POINTS  DER  *  PT  DER»CQEPF  Z  COEF! 


jEC  RE CRT  =00 

3CT 

2617 

2617 

SQV 

2621 

wE27 

.LN  f.ecrt  100 

DEC 

2615 

7852 

JAN  260? 

10*61 

DEC  AT*  0.0126263 

FEB 

2613 

13074 

1.0i2?530 

MAR 

2613 

15691 

;,N  ATT  >.:12::55 

APR 

2622 

18313 

1.0! 303*5 

MAY 

2626 

20939 

_  t  ■  - .  jhzs 

JUN 

2616 

23555 

JUL 

2605 

261el 

V.M!  1206289.5 

AUG 

2610 

23771 

SEP  2614 

31385 

NLM2  94.1*993? 

31424-2.76  -2 .763397  31277  -36723.04  ! 

31474-5.53  -5.527795  3127?  -l”*57.a  1 

31276-5.46  -5.457943  3132!  -171277.1  -27.23971  1  5 

31330-3.37  -2.374610  31333  -105906.5  -13.49844  1  t 

31383-1.29  -1.291277  31385  -40527.27  -3.87383!  1  3 

31437  0.79  0.7920560  31338  24860.659  1.534112)  1  2 

31491  2.88  2.8753393  31390  -0257 .274  2.3752893  !  1 

31544  4.96  4.9537227  31392  1556o2.57  0  ! 


31237  4.89  4.894678!  31394  153662.30  1 
31291  3.26  3.2631187  31396  1024*8.33  1 
31346  1.63  1.6315593  31398  51227.565  1 
31400  31400  1 


DEN  57.705493 

OPTIMUM  25.774462 
OPT  151. 79214 


FTE  CONSUMED  0 
FTE  LEFT  21385 


7"44o2 


J  SECTION  3  FTE  ALGORITHM  :  Tl,  AG35 

i  FIGURE  C-4 

I 


I 


1 

l 


DEC-JL'N 


SLOPE  2612 

DEC  31178 
IAN  33792 
FEB  36*06 
MAR  39020 
APR  *163* 
NAY  4*247 
IUN  *3776 
JUL  39650 
AUG  35525 
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RUN  DATE 
ll-Jul-B? 


PROJECTED  RESULT  FOR  FISCAL  YEAR  19=8 


PAY 

GRADE 

E-? 

1  OCT 

GCT 

NOV 

DEC 

JAN 

FEB 

MAR 

APR 

MAY 

JUN 

JUL 

AUG 

SEP 

END  STRENGTH 

314 

314 

315 

*  1  4 

312 

214 

314 

315 

315 

312 

313 

313 

314 

31400 

E-g 

515 

515 

516 

512 

514 

515 

516 

516 

517 

512 

513 

514 

515 

E-7 

2306 

2810 

2814 

3797 

2307 

2306 

2311 

2316 

2321 

2300 

2304 

2303 

2308 

FTE 

E-6 

5339 

5398 

5406 

5397 

5444 

5403 

5400 

5409 

5418 

5392 

5324 

5384 

5394 

21335 

E-5 

5476 

5435 

5493 

545? 

5925 

5863 

5765 

5651 

5528 

5463 

5543 

5471 

543! 

E-4 

7141 

7040 

6964 

7017 

6570 

6635 

6712 

6785 

6843 

6900 

7002 

6906 

6313 

MONTH 

E-3 

4394 

4329 

4291 

4290 

4145 

4156 

4165 

4175 

4195 

4183 

4161 

4137 

4134 

0 

E-2 

3922 

4039 

4256 

4508 

4669 

4445 

4578 

4707 

4742 

4763 

4633 

4305 

4560 

E-l 

1418 

1444 

1419 

?92 

943 

1246 

1176 

1117 

1170 

902 

988 

1513 

1376 

MULTIPLIER 

25.774 

TOTAL 

31375  31424 

31474 

31276 

31330 

31393  31437 

31491 

31544 

31237 

31291 

31346  31400 

REMARKS 

FTE 

2616. 

2620.7 

2614. 

2608. 

2613. 

2617. 

2621  . 

2626. 

2615. 

2605. 

2609. 

2614. 

CUM 

2616. 

5237.3 

7351. 

10460 

13073 

15691 

13313 

2093? 

23555 

26160 

28770  31325 

FTE 

RECRT  699  62?  200  583  617  539  564  625  100  71B  761  602 

CUM 

RECRT  699  132S  1523  2116  2733  3272  3336  4461  4561  527?  6040  6c42 


SECTION  4  OUTPUT  SECTION:  AK1,  BB35 
FIGURE  C-5 
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Monthly  rate 


Quarterly  rate 


6  HO 
DIFF 


HAR 

1997 

7.2 

1  ST 

1987 

7.2 

APR 

1997 

6.933 

HAY 

1987  6.666 

JUN 

1997 

6.4 

2  ND 

1987 

6.4 

JUL 

1997 

6.4 

AliS 

1997 

6.4 

SEP 

ia37 

6.4 

3  RD 

1987 

6.4 

irr 

1997 

a.  433 

-0.11 

NOV 

1997 

6.466 

-0.07 

:ec 

;«B? 

6.5 

4  TH 

1987 

6.5 

-0.03 

JAN 

1999 

6.566 

0.015 

FEB 

1999 

6.633 

0.026 

HAR 

1988 

6.7 

1  ST 

19B3 

6.7 

0.036 

APR 

1989 

6. "66 

0.046 

NAY 

1999 

a. 333 

0.051 

JUN 

1989 

6.9 

2  ND 

1988 

6.9 

0.056 

JUL 

1968  6.933 

0.061 

AUS 

1999 

6 .  ?66 

0.055 

SEP 

1998 

7 

3  RD 

1988 

7 

0.050 

SECTION  6  UNEMPLOYMENT  RATES  :  C35 , 
FIGURE  C-6 


Monthly  GNP 

Quarterly 

BNP 

6  HO 

DIFF  X 

HAR 

1987  3735. 

1  ST 

1987 

3735.2 

APR 

1987  3740. 

HAY 

1987  3746. 

JUN 

1997  3751. 

2  ND 

1987 

3751.8 

JUL 

1937  3773. 

1987  3794. 

SEP 

1997  3816. 

3  RD 

1987 

3816.3 

198?  3830. 

0.0217123 

NQV 

1987  3843. 

0.0238794 

DEC 

1997  3857. 

4  TH 

1987 

3857.58 

0.026040! 

JAN 

!Q89  3969. 

0.0251944 

**  B 

:5SS  3881. 

0.0255178 

HAR 

1988  3893. 

1  ST 

1939 

3893.6 

0.0229716 

APR 

1933  3905. 

0.0202552 

HAY 

1993  3917. 

0.0197516 

JUN 

ic3Q  393? . 

2  ND 

1998 

3929.93 

0.0192516 

JUL 

1988  3941 . 

0.0187552 

AUS 

1988  3953. 

0.0187013 

SEP 

1993  3966 

3  RD 

1988 

396s 

0.0186478 

SECTION  7  GNP  DATA  :  M33,  W59 
FIGURE  C-7 


Monthly  CPI 


Quarterly  CPI  1  MONTH  IS  MONTH 
D1FF  X  BIFF  X 


SEP 

1986 

327 

3  RD 

1986 

327 

T" 

1986 

327.133 

NOV 

1936 

327.266 

DEC 

1936 

327.4 

4  TH 

1986 

327.4 

JAN 

1937 

330.233 

:E3 

1937 

333.066 

1AR 

■ 

325.9 

1  ST 

1987 

335.9 

APR 

;:a" 

336.333 

1937 

336.766 

J-N 

_  537 

33". 2 

2  ND 

1937 

337.2 

JL1 

i  °37 

338.763 

AUG 

1937 

340.326 

SE? 

1337 

341.39 

3  RD 

1987 

341.39 

v- 

•  jg-? 

343 . 16 

0.0045936  0.045535! 

NflV 

:  °S7 

244.42 

0.0037146  0.0489912 

QQ" 

245." 

4  TH 

1987 

345.7  0.0037003  0.0524444 

IAN 

1933 

347.033 

0.0036872  0.0553949 

l'3  33 

348.266 

0.0038569  0.0503721 

MAP 

1933 

349.7 

1  ST 

1983 

349.7  0.0033420  0.0459367 

APR 

1933 

351.046 

0.0038273  0.0410836 

MAY 

1933 

352.393 

0.0038509  0.0437462 

JUN 

1933 

353.74 

2  ND 

1988 

353.74  0.0038361  0.0464*20 

JUL 

1933 

355.06 

0.0038214  0.0490510 

sue 

1938 

356.33 

0.0037315  0.0481063 

SEP 

1933 

357.7 

3  RD 

1988 

357.7  0.0037176  0.0471703 

SECTION  8  CPI  DATA  :  W35 ,  AF65 
FIGURE  C-B 


ANNUAL  COST 

OF  1 

.  I VINE 

DIFFERENCE 

PAY 

RAISE 

VARIABLE 

= 

3  X 

OCT 

1937 

-0.0155351632 

NOV 

1937 

-0.013991237 

DEC 

1937 

-0.0224444897 

JAN 

1988 

-0.0258949297 

FEB 

•988 

-0.02087312 

MAR 

1938 

-0.0159367494 

APR 

1988 

-0.0110836558 

MAY 

1938 

-0.0137462834 

JUN 

1938 

-0.0164020588 

JUL 

1988 

-0.0190510083 

AU6 

1988 

-0.0181063476 

SEP 

1988 

-0.0171703657 

SECTION  9  PAY  DIFFERENCE  VARIABLE  : 

FIGURE  C-9 


A 


AF35,  AK 


:  LABSED  RECRTS  ! 

!  AUS  1987  600  1 

I  SEP  1987  600  : 

SECTION  17  LAGGED  RECRUITS  :  H59 , 

FIGURE  C-14 


RECRUIT 

E-i  E-5 

E-4 

ESTIMATES 
E-3  E-2 

E-l 

QCT 

4 

10 

6 

11 

33 

635 

NOV 

* 

•  ‘j 

6 

11 

33 

565 

SEC 

4 

10 

6 

11 

22 

147 

JAN 

4 

10 

6 

11 

33 

524 

FEB 

4 

10 

6 

1! 

33 

553 

HAR 

4 

10 

6 

11 

33 

475 

AFP 

H 

10 

11 

33 

500 

NAY 

if 

10 

6 

11 

33 

561 

JON 

*  Ij 

a 

11 

12 

57 

JL'L 

'i 

10 

6 

11 

33 

654 

AUE 

10 

6 

11 

33 

697 

SEP 

4 

10 

6 

11 

33 

530 

SECTION  18  RECRUIT  ESTIMATES  : 

FIGURE  C-15 


L59 ,  I 


COEFFICIENT 

E-9 

E-S 

E-7  E-6 

E-5 

E-4 

E-3 

E-E 

INTERCEPT 

0.010 

0.015 

0.004  0.001 

0.005 

0.005 

0.003 

0 . 004 

HCNTK 

0.015 

-0.00 

0.000  0.000 

0.000 

-0.00 

0.008 

0.004 

.NCST-fc 

-0.00 

0.000 

-0.00  -0.00 

-0.00 

0.000 

-0.00 

“0.00 

KGNTH**] 

0.000 

-0.00 

0.000  0.000 

0.000 

0.000 

0.000 

0 . 000 

NQNTH«*h 

-0.00 

0.000 

-0.00  -0.00 

-0.00 

0.000 

-0.00 

-0.00 

Pm!  }>FF. 

-0.10 

-0.07 

-0.07  -0.00 

-0.10 

-0.1E 

-0.13 

-0.11 

CPI  3 IFF I 

1.175 

0.533 

0.173  0.079 

0,490 

0.559 

0.679 

0.c37 

3NP  DIFFs 

-0.10 

-0.16 

-0.01  -0.00 

0.016 

0.035 

•0.0? 

-0.29 

EXP  ENL  ELS 

0.000 

0.000 

-y.oo  0.000 

0.000 

EXP  ENL  1ST 

0.000 

0.000 

EXP  ENL  N= 

0 . 000 

0.000 

JNEHFlC-'EnT 

0.019 

-0.00 

0.001  -0.00 

0.000 

-0.01 

-0.01 

-0.03 

RECRUIT  i_-5l 

RECRUIT  LA33 

SECTION  19  ATTRITION  RATE  COEFFICIENTS  :  A7' 

FIGURE  C-16 


SRONOTIQN  CCNSTFNTS 

PERCENT  FIlLED 
1.00 
1.00 
1.00 
0.95 
0.39 


PCT  JAN 

PCT  JUL 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

0.9s 

0.90 

0.R6 

0 . 30 

SECTION  20  PROMOTION  CONSTANTS:  Q77,  X 
FIGURE  C -  1 7 


N 


JL  ■ 

2 

0.02  b 

'iCvEMsEF. 

2 

0.023 

1ECEMBER 

- 

0 .019 

J-NjAr  . 

0.J17 

* E5RUAR i 

2 

0.015 

"'ARCH 

7 

0.015 

4Pe’L 

3 

0.017 

S' 

5 

0.021 

.  jNE 

0.025 

„  jL  ' 

.  , 

).02b 

AUGUST 

.  £ 

0.021 

:ErrEBSER 

i 

0.027 

3.013  0.004  0.005  0.013  0 
j .011  O.OOh  0.004  0.012  0 
0.009  0.005  0.003  0.012  0 
0.008  0.004  0.004  0.012  0 
0.007  0.004  0.004  0.012  0 
0.007  0.004  0.003  0.011  0 
0.007  0.003  0.004  0.011  0 
0.00?  0.004  0.004  0.012  0 
0.012  0.004  0.005  0.012  0 
0.017  0.005  0.006  0.014  0 
0.024  0.005  0.006  0.013  0 
0.014  0.005  0.004  0.012  0 


021 

ij 

036 

0 

032 

J  .  3-- 

0.015 

016 

o 

ilQQ 

,1 

Mb 

'i 

•'i  !  a 

016 

o 

023 

9 

02! 

■;.32t 

0 . 0 1 2 

018 

0 

■335 

v'CS 

■  <  c 

„• .  v  1 2 

017 

0 

034 

0 

A  2  *7 

j.0&0 

3.012 

016 

o 

031 

A 

026 

o. or 

■j  .312 

016 

0 

023 

0 

0'29 

0 .012 

. j  #  q  1 2 

017 

lj 

035 

0 

f  n  ^ 

9.0c  4 

0.312 

019 

o 

037 

0 

035 

0,Oc4 

v ,  v* :  c 

022 

IJ 

041 

V.-' 

i*27 

).  015 

0  .  V  1  *4 

023 

o 

042 

0. 

032 

O.Oca 

0 .014 

019 

0 

032 

9 

026 

;.0£7 

0.013 

SECTION  El  FORECAST  ATTRITION  RATES  :  A99 , 
FIGURE  C-1B 


OCT 

NOV 

DEC 

JAN 

FEB 

BAR 

APR 

BAY 

JUN 

JUL 

AUG 

SEP 

£-3 

) .  J 1  a 

3.315 

0.007 

0.011 

0.01! 

0.010 

0.012 

0.014 

0.010 

0.013 

0.013 

0.013 

E-3 

3.0  )5 

0.00! 

0.003 

0.003 

0.003  0.003 

0.004 

0.002 

A  *  i  (  \  is 

•} 

3.306 

’ 

3.30b 

■3.006 

o.ooo 

0.006 

0.003 

0.004 

0.004 

0.005 

o 

0.007 

0.00  s 

0 . 00s 

E-6 

0.012 

0.01! 

0 

0.020 

0 

0.006 

0.009 

0.01! 

0 

9 

0.023 

0.0!  E 

E-5 

0.91? 

0.013  0.003 

0.099 

0 

o 

0 

0 

0 

0.021 

0.01b 

0.020 

E-4 

0.04! 

0.041 

0.041 

0.072 

0.041 

0.041 

0.04! 

0.04! 

0.041 

0.093 

0.041 

0.041 

c  "  - 

0.0b  7 

).0& 7 

0.0b? 

0.067 

0.067 

9.067 

0.0b  7 

0.0b7 

0.0b? 

0.110 

3.3b? 

J  •  J  5  - 

i 

' 

0  >  2  6  5 

0 .  iS‘3 

0.55s 

0.19B 

0.415 

0 .  *s0 

O.hcS 

9.424 

O.sOs 

•  i  .  'u  £ 

;  #  4  U 

. 

HGV 

DEC 

JAN 

FEB 

BAR 

APR 

MAY 

JUN 

JUl 

AuG 

~ "  f 

SECTION  EE  FORECAST  PROMOTION  RATES  :  A11E,  R131 

FIGURE  C-19 


147 


E-9 

E-B 

ATTRITION 
E-7  E-6 

MULTIPLIER 
E-5  E-4 

E-3 

E-2 

E-! 

TOTAL 

jCT 

i 

1 

j 

1 

1 

1 

1 

1 

i 

1 

MOV 

i 

1 

1 

I 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

i 

1 

JAN 

1 

1 

1 

i 

1 

1 

1 

1 

1 

i 

-  zc 

i 

i 

I 

1 

; 

1 

1 

i 

I 

) 

i 

1 

1 

1 

1 

1 

1 

i 

i 

i 

ir’R 

: 

1 

; 

1 

t 

1 

i 

i 

* 

i 

SAY 

1 

1 

I 

1 

i 

1 

1 

i 

1 

1 

:un 

1 

1 

1 

i 

1 

1 

1 

i 

1 

{ 

JTJL 

1 

1 

1 

1 

I 

1 

1 

t 

i 

i 

AuS 

i 

1 

1 

1 

1 

1 

1 

i 

1 

t 

*  **n 

"  ~  r 

i 

1 

I 

1 

1 

; 

1 

1 

i 

i 

SECTION  22  ATTRITION  MULTIPLIER  :  A131,  N147 
FIBURE  C-20 

Note: 

1.  Sections  5,  12>  14,  and  15  were  ommitted  because 

their  display  would  not  have  been  informative. 

2.  Formulas  can  be  listed  by  printing  the  ranges 


indicated  and  using  the  LOTUS  /ppoocq  sequence 


APPENDIX  D 


USER’S  MANUAL 
TABLE  OF  CONTENTS 


PRELIMINARIES . 

MANDATORY  ENTRIES  . 

1.  Initial  Full  Year  Run  . 

a.  The  INPUT  option . . 

b.  The  UPDATE  DATA,  ANNUAL  Option  . 

2.  Subsequent  Full  Year  Runs  . 

3.  Subsequent  Partial  Year  Runs  .... 

4 .  All  Runs  . 

a.  The  CALCULATE  option  . 

b.  The  OUTPUT  option  . 

BASIC  MENU  ITEMS  . 

1 .  INPUT  Op  tion . 

2.  CALCULATE  Option  . 

3.  OUTPUT  Option  . 

a.  RESULTS  Option  . 

b .  SAVE  Option  . 

(1)  WORKSHEET  Option  . 

(2)  RESULTS  Option  . 

c.  I BM /EPSON  PRINT  Option  . 

d .  PRINT  Option  . 

e.  ERROR  Option  . 

f.  LASER  Option  . 

g.  ASCII  Option  .....  . 

4.  GRAPH  Option  . 

a.  CURRENT  Option  . 

b.  LAST  VS  CURRENT  Option  . 

5.  EXIT  Option . .  .  . 

ADVANCED  MENU  ITEMS 

1.  UPDATE  DATA  Option  . 

a  .  MONTHLY  C  o  t  i  o  . 

b.  ANNUAL  Oct io-  . 

(1)  CPI  Option  . 

(2)  UNEMPLOYMENT  Option  .... 

( 3 )  GNP  Option  . 

(4)  ENLISTMENT  EXPIRATION  Option 

(5)  PAYRAISE  Option  ...... 

(6)  RECRUIT  LAG  Option  .... 

(6)  QUIT  LAG  Option  . 


2.  ADVANCED  OPTIONS  . 

a.  PRONOTION  Option  . 

b.  ATTRITION  RATE  Option  ........ 

c.  BILLET  PYRAMID  Option  . 

d.  RECRUIT  ESTIMATE  Option  . 

e.  STOCKS  Option  . 

f.  DOCUMENT  Option  . 

CONSTRAINTS,  INFEASIBILITIES  AND  POLICY  CHANGES 

1.  Recruiting  Constraint  Violations  ..... 

2.  Infeasibi 1 i t ies  . 

ERROR  MESSAGES  . 
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TECHNICAL  NOTES 

1.  Promotion  Rates 

2.  Attrition  Rates 


MILITARY  EMPLOYMENT  CAPABILITY  (MECP) 

USER’S  MANUAL 

The  MECP  has  been  programmed  with  LOTUS  123'~,  version 
E.Ol.  The  theoretical  and  mathematical  underpinnings  of  the 
model  are  described  in  detail  in  vhe  text  of  this  thesis. 
The  actual  spreadsheet  layout  is  described  in  Appendix  C. 
The  ouroose  of  this  manual  is  to  give  instructions  on  the  use 
of  the  spreadsheet. 

This  manual  is  written  for  the  user  who  will  want  to  see 
the  effect  of  major  policy  changes  and  for  the  advanced  user 
who  may  want  to  explore  many  of  the  more  subtle  interactions 
i nvo 1 ved . 

The  instructions  that  follow  assume  that  the  user  has  a 
basic  familiarity  with  his/her  computer,  DOS  and  LOTUS.  This 
spreadsheet  is  fully  menu  driven  and  once  loaded  requires 
minimal  knowledge  of  LOTUS. 

A.  PRELIMINARIES 

1.  Prior  to  using  the  spreadsheet,  it  is  strongly 
recommended  that  a  back-up  copy  of  the  disk  be  made.  Every 
attempt  has  been  made  to  prevent  the  accidental  erasure  of 
formulas  and  data,  however  the  user  may  find  circumstances 
when  he/she  may  want  to  alter  data  temporarily  without  losing 
the  original  forever.  The  user  familiar  with  LOTUS  may  want 
to  read  paragraph  4  and  skip  to  section  B. 


2.  Enter  the  LOTUS  environment. 

3.  Load  the  spreadsheet  named  MECP. 

4.  You  will  be  taken  immediately  to  an  introductory 
section.  To  obtain  the  menu,  press  the  ALT  key  and  M  key 
simultaneously. 

5.  This  menu  works  exactly  the  same  way  as  the  regular 
LOTUS  menus.  Use  the  left  or  right  cursor  keys  to  highlight 
the  various  options.  On  the  second  line  you  will  see  either 
a  brief  description  of  the  action  obtained  when  that  option 
is  selected,  or  the  sub-menu  of  additional  choices  available 
under  that  option.  Press  the  RETURN  key  to  select  the 
highlighted  item.  Alternatively,  you  can  select  the  option 
by  typing  the  first  letter  of  the  desired  menu  item. 

6.  After  each  action  performed,  you  are  returned  to  the 
normal  LOTUS  environment  (READY  appears  in  the  mode  indicator 
in  the  upper  right  hand  corner).  Press  ALT-M  to  return  to 
the  main  menu . 

7.  Anytime  you  are  working  your  way  down  the  menu  tree, 
you  can  return  to  the  main  level  by  pressing  the  ESC  key  and 
then  the  ALT-M  keys. 

S.  The  only  cells  that  are  unprotected  in  this 
spreadsheet  are  those  that  the  user  should  alter.  If  you 
accidentally  try  to  enter  a  value  in  a  protected  cell,  you 
will  get  an  error  message  in  the  upper  right  corner  of  the 
screen.  Press  the  ESC  key  and  make  the  correct  entry. 

9.  Error  messages  will  usually  be  displayed  in  the  upper 


right  hand  corner  of  the  screen  in  the  mode  indicator  block. 
This  block  will  normally  display  "READY"  if  it  is  waiting  for 
the  next  command  or  "WAIT"  if  the  spreadsheet  is 
calculating.  Any  other  message  can  usually  be  cleared  by 
pressing  the  ESC  or  RETURN  key.  The  user  should  not  be 
concerned  about  the  "CIRC"  reference  that  appears  at  the 
bottom  of  the  screen,  the  recursive  nature  of  the  model 
causes  the  circular  references  and  is  appr opr  i  ate  1 y  handled 
in  the  way  the  spreadsheet  is  recalculated. 

B.  MANDATORY  ENTRIES 

This  section  summarizes  the  entries  that  must  be  made  for 
a  run  to  ensure  reliable  results.  A  detailed  explanation  of 
the  menu  options  is  contained  in  sections  C  and  D. 

1  .  Initial  Full  Year  Run 

The  following  menu  options  must  be  utilized  in  the 
following  order  to  use  the  spreadsheet  for  the  first  run  of 
the  year . 

a.  The  INPUT  option  must  be  used  to  initialize  all 
entries  in  this  section.  If  the  current  value  is  to  remain 
unchanged,  press  the  return  key.  If  a  change  is  desirec, 
type  the  new  value  and  press  return.  Every  time  the  user 
presses  the  return  key, the  program  will  automatically  move 
the  cursor  to  the  next  block  to  be  changed.  It  is  recommended 
that  the  user  leave  the  Multiplier  New  cell  equal  to  zero  or 
blank  and  the  December  and  June  recruit  entries  should  be 
left  at  the  default  values  of  200  and  100  respectively  for 


the  first  run.  Current  Month  Number  cell  must  equal  zero. 
NOTE:  The  nature  of  the  formulas  requires  the  beginning  stock 
and  ending  stock  to  differ  by  at  least  one  (1).  The  user  may 
view  the  most  recent  stocks  by  pressing  the  Page  Up  key. 
These  numbers  will  provide  a  guideline  for  reasonable  End 
Strength  and  FTE  entries. 

b.  The  UPDATE  DATA*  ANNUAL  Option  must  be  utilized 
to  enter  the  actual  or  forecast  values  for  all  six 
subcategor  ies  CP  I  ,  GNP  ,  p  ay  r  a  i  se  ,  unemp  1  oyment  ,  r  ecru  i  ts  lagged, 
and  enlistment  expirations)  at  the  beginning  of  a  fiscal 
year.  It  is  assumed  that  the  person  maintaining  the  model 
will  entered  this  data  for  all  other  users. 

c.  The  UPDATE  DATA,  MONTHLY  Option  must  be  utilized 
to  enter  the  1  OCT  stocks.  This  option  must  also  be  used  for 
all  partial  year  models  to  record  the  actual  stocks  to  date. 

2 .  Subsequent  Full  Year  Runs 

Only  the  INPUT  option  need  be  utilized  after  the 
ANNUAL  data  has  been  entered. 

3 ■  Subsequent  Partial  Year  Runs 

a.  The  UPDATE  DATA,  MONTHLY  option  must  be  used  to 
enter  the  most  recent  end  of  month  data.  Make  sure  you 
change  the  CURRENT  MONTH  NUMBER  selection  to  reflect  the  last 
day  of  the  most  recent  month  .  This  menu  item  will  also 
update  the  most  recent  stocks  section  in  the  INPUT  section 


and  will  recalculate  the  current  total  stocks. 


b.  The  INPUT  option  may  be  used  to  specify  a  new 


target  end  strength  and  FTE. 

c.  You  may  only  change  the  multiplier  new  cell,  B44 , 
when  current  month  number  equals  0  or  1 .  It  is  recommended 
that  the  user  leave  this  as  a  zero  for  the  first  run.  It  MUST 
eoual  zero  for  runs  after  1  DEC. 

4 .  All  Runs 

a.  The  CALCULATE  option  is  required  to  recompute  the 
-esuits  for  the  current  entries. 

b.  The  OUTPUT  option  is  required  to  view  the  results 
in  the  desired  form  (screen,  printed,  graphically). 

C.  BASIC  MENU  ITEMS 

This  section  will  give  a  brief  description  of  all  the 
menu  choices  illustrated  in  Figure  D-l  except  the  UPDATE  DATA 
and  ADVANCED  OPTIONS  selections.  These  are  discussed  in  the 
next  section  (Advanced  Menu  Items). 

1 .  INPUT  Option 

Selecting  this  option  will  put  you  in  a  portion  of 
the  spreadsheet  that  looks  like  Figure  D-2.  Instructions  for 
each  oossible  entry  are  included  alongside  the  figure.  The 
user  should  be  aware  that  the  most  realistic  FTE  values  are 
those  values  lying  between  the  beginning  of  year  strength  and 
end  of  year  strength.  The  December  and  June  recruit  entries 
are  fixed  levels  of  recruits  based  on  historical  data, 
additionally,  they  are  automatically  set  to  zero  when  the 
annual  shrinkage  exceeds  3500.  The  Multiplier  entries  govern 


stock  and  target  end  of  year  strength.  The  default  value  is 
calculated  to  minimize  the  deviation  from  a  line  connecting 
the  current  stocks  and  end  of  year  strength.  Specifying  a 
Multiplier  New,  modifies  the  slope  of  the  31  DEC  -  31  MAY 
line  segment.  For  example,  in  figure  D-E ,  the  slope  of  the 
line  connecting  the  current  stocks  and  the  end  of  year 
strength  is  -74.5.  The  Multiplier  default  value  shown 
indicates  that  the  optimal  slope  of  the  31  DEC  -  31  MAY  line 
segment  is  -4.82  (shown)  times  -74.5  (not  shown  but  equal  to 
C 29000  -  298943  t  12  ) ,  or  359. 08(  not  shown) .  The  user  is 
encouraged  to  experiment  with  the  Multiplier  New  value  to 
determine  its  effect  on  monthly  stocks.  A  more  detailed 
explanation  of  the  Mu ltiplier  is  found  in  Chapter  IV  . 

2-  CALCULATE  Potion 

This  option  recalculates  the  spreadsheet  with  the 
current  entries.  The  value  of  the  total  stocks  from  the 
previous  run  is  saved  for  display  in  the  GRAPHICS  option.  Be 
sure  you  want  to  calculate  the  current  values;  the 
calculation  takes  appr o x i ma t e 1 y  75  seconds  on  an  IBM/XT  with 
a  math  coprocessor. 

3 .  OUTPUT  Opt  i  o  n 

a.  RESULTS  Option  (See  Figure  D-3 ) 

This  option  allows  you  to  see  the  results  of  the 
current  run.  Use  the  cursor  keys  to  scroll  right  and  down  to 
see  all  the  output.  The  remarks  section  (cells  AL24  -  AL34) 


can  be  used  to  briefly  document  temporary  modifications. 


Column  A 


Column  B 


INITIALIZATION  SECTION 

TODAY  IS  22- Jun  87 

CURRENT 

STOCKS 

PAY  GRADE 

COUNT 

E-9 

301 

E-B 

493 

E-7 

2700 

E-6 

5300 

E-5 

5400 

E-4 

7400 

E-3 

4300 

E-2 

3000 

E-l 

1000 

TOTAL 

29894 

MODEL  CONSTRAINTS 

DESIRED 

END  STRENGTH 

29000 

FTE  GOAL 

29500 

CURRENT 

MONTH  NUMBER 

0 

1  OCT  =  0  31  0CT=  1 

30  N0V=  2 

31  DEC=  3  31  JAN=  4 

28  FEB=  5 

31  MAR=  6  30  APR=  7 

31  MAY=  8 

30  JUN=  9  31  JUL=  1 0 

31  AUG= 1 1 

DECEMBER  RECRUITS 

200 

JUNE  RECRUITS 

100 

MULTIPLIER  MEW 

0 

DEFAULT 

-4.819813 

FISCAL  YEAR 

1907 

E-4  -  E-9  Open 

RATING  LIST:  YES  =1 

1 

NO  =  0 

a.  Date  is  entered 
automatical ly . 

b.  All  entries  are  made  in 
column  B  of  the  spreadsheet. 


c.  These  are  the  most  recent 
stocks  as  entered  in  the  UPDATE 
DATA.  MONTHLY  option. 


d.  LOTUS  will  calculate  the 
total . 


e.  Enter  the  desired  30 

September  stock. 

f.  Enter  the  FTE  constraint. 

g.  Enter  the  month  number  that 

corresponds  to  the  stocks 
entered  in  (c).  Codes  are 

listed. 


h.  Change  these  default 
recruit  values  if  desired. 

i.  The  new  multiplier  will 
change  the  rate  of  growth.  The 
default  value  is  the  optimal 
value.  Change  it  by  entering  a 
number  in  the  NEW  cell. 

j.  Fiscal  year  being  forecast 

k.  1  means  recruits  are  being 
accepted  in  paygrades 

E-4  to  E-6. 


Figure  D-2:  Initialization 
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OCT  OCT  NuV  DEC  JAN  FEB  MAR  APR  NAY  JUN  JUL  AUS  SEP 


RENSTp 

£-3 

300 

30! 

302 

302 

304 

306 

308 

310 

312 

310 

3:2 

315 

318 

-  1  *»*’C 

E-3 

506 

493 

495 

494 

498 

501 

505 

508 

512 

509 

512 

517 

52! 

E-7 

2756 

2750 

2732 

2721 

2720 

2734 

2752 

2771 

2790 

2776 

2798 

2317 

2841 

?TE 

E-a 

5410 

5376 

5351 

5330 

5292 

5251 

5287 

5323 

535? 

532? 

5242 

5411 

5458 

30740 

E-3 

5455 

5409 

5375 

5347 

5742 

5677 

5523 

5409 

5446 

5404 

5537 

5499 

5546 

t-4 

7515 

7562 

7649 

7746 

7516 

7563 

7604 

7599 

7452 

7489 

7513 

7230 

7012 

MONTH 

E-3 

4286 

4137 

4041 

3989 

3817 

3773 

3724 

3704 

3706 

3721 

3725 

3730 

3731 

0 

E-2 

2992 

2754 

3065 

3416 

3559 

3417 

3641 

393? 

4195 

4334 

4381 

4078 

4442 

E-l 

833 

1290 

1181 

807 

913 

1349 

1437 

1428 

1438 

1040 

1212 

1907 

1906 

1.362 

TOTAL 

29953  30072 

30191. 

30151 

30361  30571  30780  30990  31200  30960  31232  31503  31775 

RKS 

FTE 

2501. 

2510.9  2514. 

2521. 

2538. 

2556. 

2573. 

2591. 

2590. 

2591. 

2613. 

2636. 

COM 

"E 

2501  . 

5012.0  7526. 

10047  12586 

15142 

17716  20307  22898 

25n3? 

23103 

30740 

RElRT 

696 

498 

200 

617 

728 

705 

704 

699 

100 

838 

926 

784 

CUM 

RECRT 

696 

1194 

1394 

2011 

273? 

3444 

4148 

4347 

4947 

5735 

671! 

7495 

Figure  D-3:  Sample  Results 


b .  SAVE  Option 


(1)  WORKSHEET  Option.  The  entire  worksheet  is 

saved  with  the  name  MECPA.WK1.  Be  sure  to  rename  it  if  you 
want  to  save  more  than  one.  Caution:  This  is  a  large 

worksheet1  (105K,  60  seconds  to  save) 

(2)  RESULTS  Option.  Just  the  results  of  the 
latest  run  are  saved  in  a  worksheet  named  MECPRSLT . WK 1 .  Be 
sure  to  rename  it  if  you  want  to  save  more  than  one. 

c.  IBM/EPSON  PRINT  Option 

The  output  exceeds  SO  characters.  In  order  to 
print  it  on  a  standard  width  dot  matrix  printer,  the  printer 
must  be  set  to  print  at  the  condensed  print  size  (17.1 
characters  per  inch).  This  option  sends  the  correct  command 
to  the  Epson  and  IBM  printers.  Other  printers  can  be  set  up 
using  the  Pr i nt , Op t i ons , Setup  command  in  LOTUS  (/PPOS\###). 
Consult  your  printer  manual  for  the  appropriate  set-up  code 
to  replace  ###.  This  option  also  clears  settings  from 

previous  uses. 

d.  PRINT  Opt  ion 

Sends  a  copy  of  the  latest  results  to  the 
printer.  Prints  one  table  per  page. 

e.  ERROR  MSG  Option 

See  section  F  of  this  manual  for  a  more  detailed 
explanation  on  how  to  handle  errors. 


f.  LASER  Option 

Sets  up  the  laser  printer  for  output  by  turning 
the  page  lengthwise. 

g.  ASCII  Opt  ion 

Sends  the  force  structure  results  to  an  ASCII 
file  named  Output. asc.  It  is  stored  in  the  current 

directory.  If  you  desire  to  save  more  than  one  set  of 
results  in  this  format*  it  will  be  necessary  to  temporarily 
exit  to  DOS*  rename  the  file  and  return  to  the  spreadsheet. 
The  data  is  recorded  with  paygrades  as  rows  (row  one  is 
paygrade  E-9 )  and  months  as  columns  (column  one  is  1  OCT 
stocks  )  . 

4.  GRAPH  Option 

a.  CURRENT  Option 

Displays  a  line  graph  of  the  total  stocks  for  the 
current  run.  Press  the  return  key  to  return  to  the 
spreadsheet . 

b.  LAST  VS  CURRENT  Option 

Displays  a  line  graph  of  the  total  stocks  for  the 
current  run  and  the  previous  run. 

5 .  EXIT  Option 

This  option  returns  the  user  to  the  DOS  environment. 


Be  sure  to  make  any  saves  before  choosing  this  option. 
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D.  ADVANCED  MENU  ITEMS 


1 .  UPDATE  DATA  Option 


a.  MONTHLY  Option 


The  actual  monthly  stocks  for  each  paygrade  and 
the  actual  recruits  up  and  including  the  most  recent  month 


should  be  entered  here. 


If  actual  recruit  data  is  not 


available.  enter  zero  and  the  model  will  use  estimated 
recruits  computed  as  described  in  Chapter  III. 
b.  ANNUAL  Ootion 

This  option  is  used  to  initialize  or  update  the 
external  data  utilized  by  the  model  to  calculate  the 
attrition  rates.  It  can  be  updated  any  time  of  the  year, 
replacing  forecast  data  with  actual  data  or  more  recently 
forecast  data.  You  must  use  the  cursor  key  to  move  from  cell 
to  cell,  do  not  hit  return  until  the  last  entry  has  been 
made,  then  hit  any  cursor  key  and  then  the  return  key. 

(1)  CPI  Option.  The  consumer  price  index  option 
allows  the  user  to  enter  actual  or  forecast  CPI  (all  goods) 
for  the  12  months  of  the  year  being  forecast  and  the  12 
mcmhs  of  the  preceding  year  in  cells  Z40  to  Z64  .  Optionally, 
if  data  forecasts  are  only  available  for  the  quarter,  these 
values  can  be  entered  for  the  same  period  in  cells  AC40  to 
AC64.  Quarterly  and  monthly  figures  can  be  intermixed. 

(2)  UNEMPLOYMENT  Option.  The  total  civilian 
unemployment,  age  16+  is  entered  for  the  twelve  months  of  the 
year  being  forecast  and  the  six  months  of  the  preceding  year 
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in  cells  F40  to  F58.  Quarterly  values  can  be  entered  in 

cells  J  4  0  to  J  5  8  . 

( 3 )  GNP  Cp  t ion.  The  gross  national  product 

annual  rate)  is  entered  for  the  twelve  months  of  the  year 
oeinc  'drscast  and  the  six  months  of  the  preceding  year  in 
ceils  3  ^  0  to  -58.  Quarterly  values  can  be  entered  in  ceils 
_  G  to  U  5  S . 

(  4 )  ENLISTMENT  EXPIRATION  Dot  ion.  The  number  of 
enlistment  expirations  expected  for  each  month  of  the  fiscal 
/ear  being  forecast  in  the  categories  non-rate.  first 
enlistments  and  subsequent  reenlistments  are  entered  in 

cells  365  to  B76,  E65  to  E76 .  and  G65  to  G76  respectively. 

(5)  PAYRAISE  Option.  Any  payraise  anticipated 
up  to  and  including  1  JAN  of  the  year  being  forecast  is 
entered  in  cell  AH42 . 

<6)  RECRUIT  LAG  Option.  Enter  the  number  of 

recruits  for  AUG  and  SEP  of  preceding  the  year  being  forecast 
in  cells  K64  to  K65 . 

(7)  QUIT  Option.  You  must  use  this  option  to 
exit  tnis  sub-menu.  The  spreadsheet  will  also  recalculate 
oniv  t.ne  annual  data  when  QUIT  is  chosen.  If  no  other 
changes  are  being  made  for  the  run,  choose  the  CALCULATE 


option  from  the  main  menu  to  obtain  results  from  this  new 


2.  ADVANCED  OPTIONS 

a.  PROMOTION  Option 

The  user  may  change  the  promotion  rates  for  any 
of  the  montns  for  paygrades  E-3  and  E-4 .  Since  these  rates 
are  stated  as  a  percentage  of  the  stocks*  it  is  recommended 
tnat  trie  default  values  be  used  as  a  reference  point  for  any 
:ncreases  or  decreases. 

b.  ATTRITION  RATE  Upt  ion 

The  values  in  this  section  are  multipliers  of  the 
estimated  attrition  rates.  One  (1)  implies  the  estimated 

default)  attrition  rate  would  be  used.  A  number  larger  than 
one  (1)  would  increase  the  estimated  attrition  rate.  A 
numder  less  than  one  (1)  would  decrease  the  attrition  rate. 
The  multipliers  can  be  changed  for  any  combination  of  months 
and  paygrades. 

c.  BILLET  PYRAMID  Opt  i  on 

The  values  in  the  column  labeled  PYRMD  describe 
the  numoer  of  billets  in  each  paygrade  as  a  fraction  of  total 
billets.  The  values  in  the  columns  labeled  PERCENT ,  PCT  JAN 
ana  PCT  JUL  describe  the  fraction  of  billets  in  each  paygrade 
that  the  CG  expects  to  have  filled  with  qualified  people  . 
The  column  labeled  PERCENT  is  for  all  months  except  January 
and  July,  while  the  columns  labeled  JAN  and  JUL, 
respective!/,  are  for  those  months. 


d.  RECRUIT  ESTIMATE  Option 

The?  estimates  for  the  recruits  in  each  paygrade 
may  be  changed.  This  data  is  only  active  if  the  E-4  -  E-9 
OPEN  RATING  cell  set  in  the  INPUT  option  equals  one.  The 
user  should  be  aware  that  manual  entries  in  this  section  will 
overwrite  the  values  provided  by  the  formulas.  Once  new 
values  have  been  entered)  it  is  necessary  to  reload  the 
worksheet  to  get  the  default  values  back. 

e.  STOCKS  Option 

The  user  may  decide  to  ignore  the  FTE  constraint 
and  enter  specific  stocks  desired  during  each  month.  The 
most  likely  use  of  this  option  would  be  for  the  partial  year 
model . 

f.  DOCUMENT  Option 

This  option  provides  an  opportunity  for  the 
person  maintaining  the  master  copy  of  the  model  to  document 
the  more  permanent  adjustments  made  to  the  spreadsheet. 

E.  CONSTRAINTS,  INFEASIBILITIES  AND  POLICY  CHANGES 

It  would  be  impossible  to  catalog  every  problem  that 
might  occur  when  using  the  MECP  worksheet.  Chapter  VI  of 
this  thesis  contains  a  description  of  various  possible  policy 
changes  that  a  user  might  explore  and  the  resulting 
interaction  of  the  parameters  of  the  model.  The  spreadsheet 
environment  was  chosen  to  program  this  model  because  of  the 
ease  with  which  numerous  changes  can  be  made  to  a  variety  of 
factors.  The  purpose  of  this  section  is  to  describe  some  of 


165 


the  major  problems  that  might  occur  and  their  possible 
reso 1 u  t i ons . 

1 .  Recruiting  Constraint  Violations  . 

If  the  model  results  indicate  negative  recruits  or 
E-ls  for  a  month,  this  may  imply  that  the  CG  cannot  shrink 
the  required  amount  without  implementing  a  policy  to  increase 
some  of  the  attrition  rates-  The  user  can  experiment  with 
the  ADVANCED  OPTIONS,  ATTRITION  RATE  option  to  determine  how 
much  and  which  of  the  attrition  rates  should  be  increased. 

The  model  results  may  also  indicate  recruits  which 
violate  a  monthly  upper  bound  of  720.  It  may  be  impossible 
to  reasonably  meet  this  upper  bound  but  the  user  should  check 
the  effect  of  any  combination  of  the  following: 

a.  Increase  the  December  and  June  recruits  using  the  INPUT 
option. 

b.  Decrease  the  FTE  constraint  using  the  INPUT  option. 

c.  Vary  the  multiplier  A  (New)  using  the  INPUT  option.  In 
a  growth  situation,  increasing  the  multiplier  A  mav 
decrease  the  number  of  recruits  needed  toward  the 
beginning  of  the  year.  Decreasing  the  multiplier  A  mav 
decrease  the  number  of  recruits  toward  the  end  of  the 
year  . 

d.  Decrease  the  desired  end  strength  using  the  INPUT 


opt  ion. 


2. 


I nf gas i b i I i  t  i  es  . 


Infeasibilities  will  usually  appear  as  ERR  in  one  or 
more  cells  or  by  the  blinking  ERROR  status  in  the  upper  right 
corner  of  the  screen.  Infeasibilities  will  also  be  indicated 
dv  negative  numDers  in  the  results  section.  Infeasibilities 
snould  not  occur  when  operating  within  historically  typical 
conditions.  Briefly  stated,  typical  conditions  exist  when 

the  beginning  stocks  and  ending  stocks  differ  by  less  than 
:hree  percent  and  the  FTE  constraint  is  between  the  beginning 
and  ending  stocks.  The  user  desiring  to  explore  unusual 
; i "cumstances  should  refer  to  Chapter  VI  of  this  thesis  for  a 
detailed  discussion  of  how  the  model  parameters  interact. 

The  next  section  briefly  summarizes  the  main  causes  of 
infeasible  results. 

F .  ERROR  MESSAGES 

1.  Errors,  as  previously  mentioned,  will  take  on  one  of 
tor ee  for  ms  : 

a.  ERR  will  appear  in  a  cell 

b.  ERROR  will  appear  in  the  mode  indicator  (upper 
right  corner  of  spreadsheet) 

c.  -  negative  number  will  appear  in  the  results. 

2.  The  OUTPUT,  ERROR  option  will  give  you  the 
instructions  that  appear  below  to  attempt  to  correct  the 
error  . 

a.  Ensure  you  have  made  all  the  mandatory  entries: 

(1)  Using  INPUT  option,  make  sure  all  required  entries  are 
correct  (see  section  D). 
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(2)  The  beginning  and  ending  stocks  must  differ  by  at 
least  one. 

(3)  Ensure  the  external  variables  have  been  initialized 
for  the  current  year  < UPDATE  ANNUAL  option). 

\4)  If  the  current  month  is  greater  than  1,  make  sure  the 
Multiplier  New  entry  is  set  to  0. 

b.  Check  the  FTE  entry.  Does  it  make  sense?  In  the 
case  of  a  partial  year  model,  is  it  less  than  FTE  consumed  to 
:ace7  If  so,  it  must  be  increased  for  the  model  to  work. 
Normally  you  will  want  FTE  to  be  some  number  between  the 
beginning  of  year  stock  and  end  of  year  stock. 

c.  An  error  message  in  the  UPDATE  ANNUAL  option  will 
occur  if  you  did  not  press  one  of  the  cursor  (arrow  )  keys 
followed  by  the  return  key  after  the  last  entry. 

d.  Try  the  CALCULATE  option  once  more.  It  is 
passible  that  you  changed  so  many  variables  that  a  second 
iteration  of  calculations  is  needed. 

e.  If  the  above  suggestions  have  not  been  helpful  in 
fixing  the  problem,  you  should  examine  the  attrition  rates, 
oromotion  rates  and  billet  pyramid.  This  will  require  an 
understanding  of  the  normal  personnel  flows  that  occur  in 
this  system.  Do  the  estimated  rates  make  sense  in  the 
current  scenario? 

f.  If  you  still  are  not  able  to  correct  the  problem, 
try  reloading  the  spreadsheet  and  reentering  the  desired 
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Failure  of  the  spreadsheet  at  this  point  should  be 
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brought  to  the  attention  of  the  person  maintaining  the  model. 

3.  In  the  case  of  any  error  messagei  it  is  necessary  to 
press  either  the  ESC  or  RETURN  key  to  return  to  the  READY 
mode . 

G.  TECHNICAL  NOTES 

The  theoretical  and  analytical  methods  underpinning  the 
MECP  spreadsheet  model  are  discussed  in  Chapters  III  through 
IV  of  this  thesis.  Maintenance  of  the  model  may  require 
periodic  examination  of  the  underlying  assumptions  and  the 
author  would  expect  a  need  for  changes  to  the  model  from  time 
to  time. 

1 .  Promotion  Rates 

There  is  a  possibility  that  the  CG  would  desire  a 
policy  of  promoting  to  E-4  to  fill  vacancies  in  the  same  way 
as  E-5  through  E-9  promotions  are  currently  calculated.  This 
can  be  accomplished  by  using  the  LOTUS  copy  command  to  copy 
the  formulas  in  cells  F120  through  Q120  to  cells  FlEl 
through  Q121.  It  will  also  be  necessary  to  modify  the 
formulas.  After  performing  the  copy  commandi  the  formulas  in 
cells  F121  through  Q121  will  contain  the  cell  reference  4P464 
through  4P475  respectively.  The  formula  should  be  edited, 
replacing  4P46 4  through  4P475  with  4Q464  through  $0475 
respectively  .  Likewise  the  references  to  cells  4J4100 
through  4J4111  should  be  replaced  with  4K4100  through  4K4111 
respectively.  It  will  also  be  necessary  to  determine 
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appropriate  PYR  (pyramid)  for  cell  T86  and  PCT  (percent 
filled)  variables  for  cells  U86 ,  VB6  and  X86.  A  detailed 
explanation  on  determining  those  variables  for  paygrades  E5 
through  E9  is  contained  in  Chapter  III. 

2 .  Attrition  Rates 

Temporary  changes  to  the  attrition  rates  can  be  made 
using  the  ADVANCED,  ATTRITION  option.  As  mentioned  in 
Chapter  III,  we  anticipate  changes  to  the  regression 
coefficients  as  more  data  becomes  available.  We  recommend 
that  as  new  data  becomes  available,  it  should  be  added  to  the 
SAS  regression  program  contained  in  Appendix  B  and  the 
analysis  described  in  Chapter  III  should  be  reevaluated.  A 
preliminary  examination  of  the  raw  data  should  be  conducted 
as  described  in  Chapter  II  prior  to  using  it  in  the 
regression  analysis.  The  new  coefficients  resulting  from 
updating  the  regression  model  can  be  used  to  replace  the 
entries  in  cells  F83  through  096. 
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